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I TRO!JUCTIOH 
PRE IOUS STUDIES 
A study of t. e records of ~ertilizer experimenta 
with to.ntoes some ye ra ~go r vealetl t e need for R 
critical exe4ination of the influence of nutrient mater-
inls in t.1e growth o.nd .etnba>lism of the plant . 
In oat of the field experirients repetitions and checks 
were inaufficie t d so qn variables ere involved 
that definite conclusions could seldom be dr: rith as-
aura.nee . At beet the results represented a stute ent 
of .hat mi[ht be exn ct un er n repetit' n the con-
ditlon of the oxperime t . e rinci. le. of ceneral ap -
plication c ul, be a uced . 
I1 n fe- studies , the ~ore per~ect control f con-
i ti one h . cl is oesible in t'1e oJreen ouse was attempted . 
Int . ese , h ever, gro t1 sto ped r hort of nor a l 
pl t <leve l n ent a s een t'1e case with so an nu-
tritl n tudie a. Som factor other t~ n the treat ent in 
ueati n oe ca e the i· itine factor 101 e before tie plant 
ca e to full growt~f~d fruitl n . 
POSS I:SL: .: .... 1 :.ODS 0 ATT ,., ' " .. 
In pl nninu 1utrition 1 at dies the worker constant-
ly faces t e tvo orna of a dileuma . On the one hand he 
-.... ............. ____________________ ~~ 
ctrives to make every condition for growth uniform save 
the one which he varies under the dif~erent treatments 
nnd which is the special object of his inquiry . It is 
only in this way that he can be sure that observed di~-
ferences in plant behavior are due to the factor which 
Cl'1d "'"t 
he has deliberately varied fFF to some other variable , 
4 
Assurance of this uniformity is neve r ~ore than relative 
and can only be approached when the well-nigh infinite 
complexity of weather and soil thnt prevail in the field 
l ..:S 
~ aba 11doned in favo oJ:: the leas co 1p le x condit.i..onc c·1d 
more coJlpl ~tJ cont·ol of pot and water culture in t:ie 
greenhouse . In attainine to some degree the uniformity 
sought , the worker encounters the second difficulty . He 
~inds that some one or more of the new conditions , w~ile 
uniform , is not sufficiently favorable to a ford the 
plant its full development . His ero1t1 curve is cut off 
before the variable factor has had opportunity to exer-
cise its full effect , and its influence in the later 
stages of the plant ' s history remain$ unknovn . 
The second difficulty is ue in l qr[e neaoure to our 
ignorance o the requirements of the plant . s we £Bin 
in s!:::ill as plant sro re rs we ,ny ex:rnct to a. I'roach the 
ideal of experimentation with all conditions uniforAly 
favorable save the one that i8 ~urposely vrried. In tie 
eantime e ay expect valuable contr~butione fro~ stud-
l.· es i"n a~cr cultt•re, s~n i~ 
w 4 ·• cu i..ure, ~recn10 1ue roil nnd 
5 
in t~e field . T1ese nre nrrnn:e in deecendi •E order of 
control ani 'n nscenuin: order ,~ ~nvornblenen" for plant 
£TO th . Fiel experimentntion can only be expected to 
aid in establinhing principlcr •hen it i dequately 
checked an many times repente under different condit-
ions of aoil, seanon, and cli~ate . e our lore erfect -
ly controlled methods improve in favorableness , the field 
trials e· function pri aril; in the u~plicntion of prin-
c iplea to co 1me rcio.l production nnder or>ecific locel con-
ditioris . 
E RLIER ::::n;. :::-::·Ts OF T ES~ ST r::s 
Studies in the nutrition of the tom to were beeun 
at Oor ell Universit in 19 5 , under t' e EUidance of Dr 
T L Lyon . The attem t was m e to 1 arn so ething of 
the beh vior of thio lant under grudu ted applications 
of nitro~en , phosp o rus, nd otash, v ryin e one at a 
ti c , nd controlling conditions more cl sely th n is 
possible in t h e field . In Experi ent I tlree-iullon 
glazed crocks c ntni ing clean bank sand were ~p l oyed . 
-ro vt. ne oor nd t o factor were a o ected ac ooA -
ible limiters-- the size of v e ela use and the form of 
nitroc;en . I n Ex eriment II scv n for s of nitrolen 
were tested using boxes such s re described in thi 
paper . Differences we re slight but ero th us uch bet-
ter than wu obt~ined in the crocks . 
_n Experime.t III 
....................... __________________ ~~~-
6 
the original problem was gain taken up . Marked differ-
ences were noted in the nitrogen series but practically 
none in the other s . The a moun t of phosphorus and potash 
present in the sand used was sufficient ~or excellent 
T1l: 
g rowth of top and yield of fruit. Experiment ~ was 
laid out in the field but ras on very sandy soil an d was 
ruined by drouth. Experiment V, 19 7, was almost ident-
ical with III and was interrupted by the •r . The results 
of Experiments I to V h ve not bee~ published. 
OBJECT OF EXPERI::E TS NO REPORTED 
Experi~ents VI and VII were un<lert~ken at the Uni -
v_reity of !i~nesota in 1919, under the direction of 
Dr L I Knight . The inquiry vas limite to t~e influence 
of nitrate of ~o da . The three-fold aim may e stated as 
follows . : 
1 . To grow t1e plants uneer conditions such that 
the amount of • .L .L ni ... rn ... e of soda applied to the soi l would 
vary throu[h efinite series an the other factors for 
gro rth ul be rnviced in unifnrn nd favorable exgess . 
2. To record in c: r eat dete.il the >erformance of 
the p ant , using qu ntitative rrnasures as ar as poosible. 
,3 . B eana of che•nical "tna l ' sis to throw so.::i.e 
1 i e; ht on t 1 e con it i on s ex i st inc; Yi thin t ~le p 1 e. n t s t :ui. t 
ha been subjected to the various treat~enta . 
6a 
lL.PER I!:ENTAL METHODS 
The experimental conditions were plnnned with the 
idea oft securing a lnrge measure of control and with· a 
. 
realization that th~ full possibi litie5 of p l&nt e evel-
op ent could not so be attained . T h u s fa v o r a il 1 en e s a of 
conditions has been to some extent sacrificed for uni-
a.nd simplicity 
formity /in the ope that the ef~ects produced by the 
treatments might be more fully explain ble than if the 
f ,,. ... ,s..,.. 
full development of the plant had been g iven £.trl-1 con-
averagt; 
sideration . Even so /yield of 11 fruits weighing in 
a ll a pound and a half were harvested from each pl nt 
in a set which recei v ed only chemical nutrients . This 
is about one- fourth of a good co~~erci 1 yield, tho 5Uch 
would require more t' an t'.te twelve weeks involved in the 
expcri cnts . 
For t e reason just stated, the dats n cl c o n c 1 u s in ll B 
of this etudy c nnot be regarded GB of genera l applica-
tion . The discussion is concerned wit hhe behavior, 
in te rna 1 nc.l ex tern· 1 , of p 1 n t [ rown und erjt.1e con di t-
ions of these ex i~enta . 
Even with his li it tion it must be reco gniz ed t 0 t 
in ingle study it is poseible to tnke d· t upon but 
few of the many f ctor involved, some of them perhaps 
more import nt than those recorded . Our knowl edge c n 
0 n 1 y be c 0 mp 1 e t e an a.' 0 u r c 0 n c 1 u n i' 0 n de c . " . v 1 h 
.., ~ ., i e w11en eac 
f ctor ha been etudiel on i ts own erits kn~ in wel l 
nibh endle s combinations of factors . 
Unless otherwise indicated , statements in this 
section apply to both Experioents VI and VII. 
Seventyfive cubical boxes of pine , of fourteen 
" 
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inches inside measure,were provided. A cleat was mailed 
to each side, about three inches from the top so that 
two oen could readily lift them when filled,by means o~ 
a pair of wooden bars about three feet long. The inside 
of each was para~fined and the outside painted. 
Each treatment set, designated by letters, consist-
ed of ~t least five duplicates, and two or three addit-
ional duplicates were provided where sampling for anal-
psis was planned , 
The culture medium ~as quartz eand. That for Ex-
periment VI vas a natural product furnished by the Ottara 
Silica Company, Ottawa, Illinois. This material proved 
rather coarse, showing a moisture equivalent of but .24, 
and being cap ble of holding w ' thout drainaee no more than 
7 1/'% of ;ater. Each box carried 140 pounds of this 
sand. The Wausau Quartz Company, Wausau, isconain, fur-
niehed material for Experiment VII. Thia had been uechan-
ically ground and sifted and showed a moisture equivalent 
of 1.,. For each box 110 pounds of sand was used and 
this amount \Vas able to retain 18 pounds of water or 16.)t~ 
EXPT VI & VII TA:SLE I 
A~OUNTS OF NITRAT2 OF SODA APPLIED TO BOXES IN TREAT-
MENT-S ETS 
Ool-
1 Boxes receiv ng identical treat ent constitute 
1 tre~tment-set s ~ A-J and P-K- R ure called 1 series 1 • 
Capital letter desicn:,ti ons hold fo r bot1 experL':ients. 
' Calculated on urea of s·nd in boxe s . Depth about 
12 II o 
4,6 C"lculated on amouht of Q' soil to fill a box . 
Expt VI, Ottawa s nd, 140l b per box . VII, Wausau 
sand, 110l b . 
5,7 C lculated on moisture content to which sand ras 
brouEht t each waterin~ . Ottawa c arried 7.5~ or 
10.5 l b . /ausau, 16. ,7~ or 18 lb . 
2 I 
' 
4 5 .. 6 i l 7 .. . . . . 
Treat- Nitrate ,XPT VI EXPT VII 
ment- gram s Lbs per 
., -~ 1 ,o 
'" 
,-o 
sets per box "c re on soil on me tr on 80 il on ms tr 
--
A .o 
B 
.5 ,5 .0008 • 01 .ooic . co6 
c 2 4 .o ,2 .c42 .oo4o . 025 
D 8 564 ,0126 • 168 . c, 6, . 098 
E 16 1t28 .0252 . ,36 . C,21 .1 96 
F .. ') ') ,_ 2256 . c5c4 . 672 . C642 df\2 
G 64 4512 . , oor 1 • 14!t • , 2E5 . 7t,4 
H t !8 9024 . 20 16 2.688 . 2566 1. 568 
J 56 18048 . 40;1 5.;75 . 5,' 1 ' . 1 ;5 
Two a.pplications 9 week apart 
L 8-0-0-8 See D and E above 
Four appl..:.ca tions 
' 
we eke apart 
p 2-2-2-2 ' See c and D above 
K e- 8-8- 8 See D and F bove 
R 16-1 6-16-16-
See E and G bove . 
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Nitrate of soda (0 P) was applied to treatment sets 
as indicated in Table 1. In sets A to J inclusive,( here-
after called A~J series), nitrate was applied at one time, 
being mixed with the soil before the boxes were filled. 
Successive applications were provided in sets P, K, and R, 
the first being incorporated as above . Later treatments 
were given at three week i tervals by adding the proper 
amount to the surface of the boxes just before watering. 
Set L represented an interrupted or starvation treatment , 
receiving ei8ht grams of nitrate at the beginning and a.. 
second application nine weeks later . 
Set M was prepared by ixing four parts of quartz 
srnd with one par t of well rotted cow manure and packing 
1,5 pounds of the mixture in each box . Set N was made up 
with 115 pounds per box of the folloring mixture : 
Composted soil (perhaps 1/5 manure ) 
Bank sand 
anure as in Set M 
' parts 
1 part 
1 part 
These two sets without nitrate and with ample quantities 
of manure, were planned to offer conditions more favorable 
for p l ant g rowth than were posaible with the sand and 
chemicals, though, of course, control 1as thereby sac-
rificed and these sets c nnot be reearded as comparable 
with th~o~hers . 
Sets P and R were not included in Experiment VI, 
while sets B, C, E, M, and N were omitted from Experi-
ment VII . 
9 
Each box received amounts as follows of chemically 
pure nutrients intended to represent an excess over pla~t 
requirements : 
I onocalcic acid phosphate 
Potassium sulphate 
Calcium carbonate 
caH4(P04) 2 
K2S04 
ca co, 
8 gm 
to gm 
5 gm 
Iron and magnesium were known to be present in the 
Ottawa sand and were added in small amounts to t e Wausau 
sand . 
The proper amount of sand was weig~ed out, spread 
on the floor and slightly moistened . The mixture of fine -
ly ground nutrients was sprinkled over t.e surface and 
the whole was thoroly mixed before packing in the boxes . 
Stokes' greenhouse strain of Bonny Beat was used in 
these experi~ents . This strain has been carefully select-
ed by the aeedsman and it has proved very uniform and 
true to type . 
Plants were grown in good greenhouse soil, being 
transplanted to flats and later to five-inch pots . hen 
set in t c experimental boxes, they were ten to twelve 
inches high and bloasom buds rere just developing though 
no blosso s 1ere open . Two or vhree times as wany plants 
as needed were grown and a very uniform lot was chosen for 
setting . The greenhouse soil • as thoroughly washed from 
the roots . ater was applied immediately after trans-
planting and almost no wilting was noted save in set J 
(256 gm nitrate) . 
10 
Experiment VI was set up on 4ay 21, 1919 and Exper-
iment VII on August 29 , 1919 . 
The proper u'lOisture content was maintained th.roughout 
the experiments by weighing twice a week and adding the 
necessary amount of tap water to bring them ~o weight . 
hen evaporation re.a rapid, extra applications were made 
by measure . Le ac.1inc:: .;an t iuo pre ·0n tc • 
The plants were grown in the east section of the 
greenhouse of the Division of Horticulture and the box-
es were conotantly shifted to avoid possible differences 
in location within the house . 
In Experinent VI plants were trimmed to two stems , 
in Experi ent VII to one . The latter plan gives as bood 
results nnd g reatly simplifiea data taking . 
FIG t-n Exp t VI Sets A ( 0 ) , B r • 5 , C 2 ) , D ( e ) • 
I 
FIG 1-c 
.F IG 1-d 
Expt VI Sets H ( t2 ), J (256 ), K (6-C- 8-8) 
Exp t VI Se ts L ( 8-0-0-8), ,,. (San(! & :~anu re) 
N (Soil & ~~nure. 
NOTES ON PROGRESS OF PLANTS 
EXPERr;rnNT VI 
Figures in parenthesis ~fter letter e designating 
sets indicate the nitrate treat cnt . 
Ten days af,,er sctting(.lay31) , set A (C) ~as clear-
ly behind t.e average in growth . On June 4 set D (8) 
was noticeQbl superior to C (2) . By June 6 the leaves 
of A an B hnd begu to turn yellow , some ev~dentlJ d ing . 
On June 15 t1ie con ition .ad extended to C but no to D. 
On July ' the lo er leaves of D were yellowing and t' e 
ea e tendency had · ~ peared in E ( 16) . On "e 9th A, B, 
and C ad declined till t ey were nearlJ alike, lo er 
leaves on all being practically dead, and no le ves s ow-
ing good color . D showed muc. better develop e t t.rnn 
these , but growt. was practically at a standstill an~ tops 
were beco~ing spindlinb . E had begun to a ow exhaustion 
but t. e color in F '2) waa still eood . On July 26 D had 
approached t' e condition of C. E was ne rly as bad and F 
eho ed siene of dying leaves at t e bottom tho ito color 
at t1e top was still good . 
Al though t ere ere arl:ed differences in iei ~ . t, the 
sets u~der ~eavy applications of nitrate, G '6~), H (128) , 
an J 256) , did not shov marked inferiority in ~eneral 
condit"on until t~e b eginning of July. At this date t c 
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leave• rere a very dark green and there was a marked tend-
ency for them to curl upward, this teridency increasing from 
G to J. These seto haG suf~ered somew!,at from wilting 
ever since they were planted , J more severely t han t he 
other two . They were el se aPfected ~n marked degree with 
bloosom-end rot ,l(fhil e sets A to F were nearly free . Dur-
ing the later history of G, H, and J there was a marked 
yellowing of leaves near the tqps of the plants and the 
tissue of leaves and stems became so brittle that it was 
almost impossible to avoid accidental breakn~e in the 
course of necessary care. Near t1e close of the exper-
i ent these plants· showed a ~a rked te ndency to develop 
new branches, some of which promised to .inke a more near-
ly nor al growth , 
Special inte est attaches to the bahavior of the 
plants under t~e successive treatments in set K and the 
interrupted treatment in set L. The one received four 
applications of nitrate of eight grams each at three 
week intervals; the other received two such amounts, 
(~-~ -~-~) 
nine weeks ap art. On June 25, two 1eeka after K had 
received its second dose , it looked decidedly better 
than D (8 ) and L (8- 0-0-8 ). It maintained its growth in 
near 
heieht to/the end of t.e experiment,continuing to blossom 
and ee t and mature fruit . Bet L traveled vhe same 
course as D until it received l ts second feedine of nit-
r ate on July 25 . At that time it wae about six inches 
FIG 2 t I Sot. L ( -0-0-C) ole pl nt , .t r 
it d recoi ed its ccond " p 1 U: . 0.1 Of • .L ni 1,,-
rate n h d responded . 
FIG ' Expt VI Set L, plnnt 
p l nt as Fie 2 . Top . 
• 
Close-up of 5 me 
Fig 4 Expt VI Set L , pl · nt Close up o f s me p l an t as 
Fig 2 . ~ i branch . 
shorter than K, leaves yellowish with reddene veins, 
and the lower ones dyine nd dropping-- typical symp-
toms of nitrogen starvation . Five days after feeding 
the plants showed signs of recovery in a darkened 
green at the growing point of main stem and branches . 
In another five days, the new gro th had come out dis-
tinctly and the buds on these parts were much fuller 
than on the old growth , where they had failed to de-
velop to blosaocing . The new growth wa much ore sue-
culent th~n the old and the stem showed greatly in-
creased thickneas above the point where the second 
feeding took effect . The color of t e old leaves ;as 
arkedly improved . mall buds that had failed to de-
velop previously were beyond ielp, but some fruits al-
read set w. oae development ha been arrested, were 
encouraged to attain a larger size before the ripening 
process beg n . any of the lower fruits had ~atured 
when fa.r below norm· l e iz e. See FigsJ~.4 
On June 10 a fine , sharply cut mottling of leaves 
a oted in sets E (16) to J (256) inclusive . There 
were lso traces in K ( 8-8- -8) and L ( 8-0-0-8). The 
spots were d.ark a long t.he veins nd light at the center. 
some of t e centers were brown atid appeared dead . The 
trouble developed chiefly on upper leaves and wa.a more 
FIG 5-a Exp t V I I S e t s A { C ) , D { Cl ) , F ( ''- ) • 
FIG 5-b xpt VII Sets G (6~, H(120) , J (256) . 
FIG 5-c Expt VII Set. () (512), L (fi-0-0-f.), 
p ( 2-2---2) 
lt 5-~. Expt V:I ~-8-8-8), R (16-16-16-16), 
R ,, oie of tne sick pl nts of tnis Ret . See p 
14 
marked under the heavier applications of nitrate. On 
August 20 the mottling was hardly noticeable in new 
growth of E and F but was still pro inent in G, H, 
and J, increasing in the order ~ entioned. No e idence 
of in~ection w a found on ex minfttion . 
EXPERIMENT VI I 
Experime t VII waa started August 29 . On Sept. 
,,, Set A 'O) showed marked evidence of starvation. 
Set P (2-2-2-~) seemed to have lost rather tha n 
gained and D (8) was unchanged. Bet L (8-0-0-8) 
showed alig~t progress; all the others had improved 
very noticeably. On Sept. 20~he difference betreen A 
and D and between D and F ('2) waa arked. Sets F, 
G (64), H (128), and J ( 56) were hardly distinguish-
able from one another. Set L agreed with D, P ras a 
little poorer and K was a little better. Bet R 
(16-16-16-16) was clearly ahead of K-- practically 
a3 well developed as F. 
On October 1 the relatio. was about the same. 
set A wan nearly at a stand3till. No mottling had 
app e ared, wilting~ae almoot neglieible and the hi3h-
er~reatments did not ohow the injurious effects eo 
clearly as in Experi· ent VI. On October 11, G, H, 
and J could hardly be dietineuished from each other, 
though they were slightly inferior to F. Sets L 
'5 
and D ere beginning to show nitrogen ~unger . Basal 
le ves were yellowish and upper leaves a pale green . 
On October 2, , A wao practically dead, D was dropping 
lower leaves and was very pale . Set F w s growing 
well but none of the sets ere as uniform as in Experi-
ment VI. Sets G, H, nd J wore clearly poorer than F, 
but G and H were hardly distinguishable from each oth-
or . Set J was a trifle poorer than these two . L was 
about like D; P (2- 2-2-2) had improved lreatly under 
its repeated light tre n tments anl was better Lan Dor 
L. New growth in P was ore succulent and blosso s 1ad 
begun to appear. Set K wa s nearly as good as F and a u 
improving . Set R aver ged a trifle better than F . 
On Nove~ber 7 set A s quite dead . The general 
situation was bout the same as on October 23. By Nov-
ember 15 , J a p peared ore clearl to be suffering frou 
the eav appli cation of nitrate, but not ne rl so 
arkedly a in xper i .en t I. set p was growing well 
and K . d be co c bes ae of al l. Set a.owed . e 
consider ble i jur:, fro ,1ig. nitr te ut t .is . e • 
In set L, pl nt 
' 
ad e p e . t. full vic;or to its 
eecond feeding of nitr te but plants 1 and 2 Rere so 
bn.dly star ed th t the·x: response as del yed and was 
alorer than in L3, t ho tteir recovery as nearly as 
co plete in t.e end. On ove ber 29, F had l o t a 
good uny lower leaves. Other leaves were pale and 
t6 
there is evidence thnt the planto were suffering from 
lack of nitrogen . At this date, set G as the best of 
the A-; series , giving the appearance of having changed 
from a condition of checked g rowth due to an over-sup-
ply of nitrate to one of vi go rous growth under an opt-
imti.m supply . 
the A- J series . 
The P- K-R series was now much better than 
Set R aa very ununiform in growth almost from t h e 
beginning of the experiment . About the fir st of October, 
dar k lesions appeared on a fe~ leaves, taking t e form 
of angular spots and looLi . g almost as if the had been 
burnt, or pe rhap s eucgestin& disease, although there 
was no oth~ r evidence in support of t is cause . On lov-
e~ber 7 further development of this injury was noted, 
apparently following the applic tion of nitrate of the 
eek before . Four of the planto showed very lifht green 
tops . A reek later , plant R1, which had ade little 
growth from the beginning, as dead and its recorclc rcre 
discarded . Three of the lants ~au e excellent cr owth 
all tho way t ru . 
CROP YIELD EXPT VI Table 2 
Second line in ea ch set is ,the nrobable error, 'Plus or minus. oalculat d by Pe:bers formula ( 1,f- ) · 
. . FRUIT .. . 
. 
• TOPS 
·Green 
Wt : Tr at
. . T t. . Green . Dr;· 
e - · rea - · 1ei~ht · r_ i ht . Count . 
ment ment. e ~ 
set . 
A 0 
B 0.5 
c 2 . 
D 8 
E 16 
F 32 
G 64 
H 1~8 
J 256 
K 8-8-8-8 
L 8-o-o-8 
N 
Sand & 
nu re 
Soil & 
nure 
63 4.on 
2 .17 
57 3 . 82 
2 .32 
105 7.0 
8 .6 
371 23.38 
25 1 .46 
4555 26 . 04 
18 1 .72 
598 34.30 
30 1.42 
403 2 .68 
37 3. ?A 
362 20 . 56 
14 1 .15 
265 16.86 
16 • 9?. 
1.?: ?.O. 80 
.1 1.89 
1.0 ?.?. .73 
0 3 .75 
1.6 36 . 42 
. ? .94 
5 . 8 72.36 
.8 4 .47 
7.4 83.64 
.9 7.18 
9.f) 108.54 
.8 4.87 
7.4 103.20 
.7 4 .38 
7.0 111.46 
1 . 0 55 .19 
5 . 6 111 . 06 
.4 6 . 53 
665 
7il. 
35.40 10.6 162.40 
5~7 
54 
641 
66 
2884 
103 
4.53 .8 7.63 
33.90 lih.6 
3.42 1 2 
40.3?. 25.0 316.74 
2.31 ?.5 l9.7G 
163.?8 34.4 797.90 
5.01 1.0 4?..9? 
................................ 
. 
l)ry 
t 
5.73 
.35 
5 .80 
.56 
8 .09 
35 
17.90 
1.46 
19.70 
.99 
2A:.52 
l.?.5 
18.31 
. 49 
19. 26 
.92 
18.?5 
1;24 
26.16 
1 . 4 
47 .69 
3 83 
134.92 
7.14 
TOTAL • ROOT£3 
• DRY WEIGHT. Green . Dr;v . 
·Fruit &Ton · WeiRht · Wei~ht' 
9.73 11.38 1.89 
9.62 22.61 1.70 
15.62 19.67 2.29 
41.28 31.84 3.87 
45. 74 27 .83 3.17 
58.8 31.58 3.40 
40. 99 24. 86 2.68 
39 .9 21.69 2 .41 
86.11 20.18 2.18 
61.6 4 .30 4.52 
88.01 50.71 6.77 
44.89 9.62 
298.20 
CROP YIELD EXPT VII TABLE 3 
Second line in each set is the probable error ( I E ) plus or miaue, Peters 
formula ( l ). 
. . . : FRUIT: . :TOPS : ~:FROIT ~ TOPS ROOTS : . . • . 
Treat- Tt"eat-Green Dry Count ~ Green Dry Total Gt"een Dry 
ment ment Weight Weight Weight Weight Dry 1feight Weight \I eight 
et 
0 26 1.90 l.O 2 .60 2 .60 
P E--3 . 2 0 . l .16 4 .5 
D a 130 8.4 2 . 2 33.3 ~ . 57 11.77 !0.00 l.33 
9 1.3 . 3 5 . 2 .40 
·F 32 440 26.l 6 . 4 114.2 13.75 09.85 61.f>O 5.95 
32 2 .5 .5 14.l l.73 
64 443 26.l 6.3 1 26 . 6 1 2 .39 38.49 55.80 5.99 
2? l.3 . 3 ? . 4 . G5 
128 422 23.8 6.6 116.2 1:5.93 37 . 73 62.46 6. 57 
l? l.2 .2 8.3 l.07 
256 325 19.7 5.0 124,4 1 3 . 30 33 . 00 59 . 56 4.9 
11 .4 . 3 13. 4 1.16 
p !-2-2-2 184 11.5 4.2 99.6 9.96 21.46 44 .70 9.74 
27 1. '7 .7 8 .l .71 
K 8-8-8-8 360 21.a 6.4 196.3 18.25 40.05 66.28 5.78 
36 l.S .7 12.3 1.19 
R 16161616 340 24.5 7 .a . ., 188.7 19. 43 44.93 66.50 9.74 
48 3 .0 1.1 21.9 1.94 
HEIGHT OF PLANTS EXPT. VI 
Average height of plants (inches) in each treatment-set b weeks. 
-Treat 
me nts 
r-
A 
B 
c 
D 
E 
F 
G 
H 
J 
Weeks 
1 
MS 
9.1 
9 1 
9 2 
9 3 
9 3 
10 0 
9 2 
9 2 
9 2 
2 
Br MS Br 
12 2 
12 0 
12 1 
12 3 
13 1 
13 3 
13 1 
13 0 
11 3 
3 4 
MS Br MS Br 
14 2 15 3 1 1 
14 0 14 3 1 0 
14 2 15 2 3 0 
16 1 19 0 5 2 
17 2 21 1 7 l 
18 2 22 0 7 2 
16 2 18 0 4 3 
17 1 18 1 3 3 
14 3 16 0 2 3 
5 6 7 
MS Br MS Br MS 
15 2 1 0 15 3 1 1 15 ! 
14 3 0 3 15 1 1 l 15 1 
16 0 3 1 16 3 3 3 16 2 
22 0 7 0 24 0 7 2 25 0 
23 3 9 2 26 0 11 1 2'7 1 
23 2 9 0 27 2 11 0 31 2 
20 1 6 0 21 3 7 2 23 2 
20 2 5 0 22 3 6 2 ?,3 3 
17 0 4 0 18 3 5 1 19 2 
K 9 1 12 2 16 2 19 0 4 1 21 1 5 1 23 2 7 2 26 2 
L 9 2 13 2 17 3 21 0 7 3 23 3 9 1 25 1 10 0 26 0 
~ 8 1 11 2 15 2 18 0 6 0 23 2 12 2 28 0 17 0 31 2 
IN 8 3 14 0 21 l 27 l 15 2 35 1 24 3 41 l 31 1 46 1 
. Measurements are in inches and ouorters . 
1 S = fain Stem Br = Branch 
Br 
1 1 
1 0 
3 3 
8 1 
12 0 
12 3 
8 3 
7 3 
7 0 
8 3 
10 2 
19 3 
36 0 
8 9 10 11 
MS Br MS Br MS Br MS Br 
15 3 1 1 15 3 1 2 
15 1 1 1 15 2 1 0 
16 2 3 3 16 2 4 0 
26 1 8 2 27 1 8 3 28 0 9 0 28 2 9 1 
27 2 12 2 29 1 12 I 30 1 13 2 31 3 14 0 
34 2 14 2 37 2 16 0 40 1 17 0 41 2 17 3 
24 1 10 2 25 2 13 0 27 0 14 2 28 2 15 0 
25 0 9 2 26 3 11 1 26 2 12 1 28 2 13 2 
20 2 9 2 22 0 12 0 22 3 13 3 23 2 15 !3 
29 1 10 1 32 3 13 2 34 0 15 0 35 1 16 0 
26 1 11 0 27 0 11 1 28 1 12 2 33 3 16 ~ 
... ~ 
35 0 23 2 39 ~ 27 1 42 3 28 3 46 1 31 c 
50 2 40 0 53 1 42 3 58 3 45 3 62 0 47 1 
eat Tr 
me nts 
A 
D 
F 
G 
H 
J 
L 
p 
K 
R 
HEIGHT OF PLANTS EXPT VII TABLE 6 
Average height of plants ( inches and ouarters) in each tre tment -set by weeks. 
Weeks 
. 1 2 3 4 5 . 6 7 8 9 10 11 12 13 14 . . 
'/ ~ ~ .J. .LU ~ .L.L ~ .J.4::: u .J.4::: u l.~ u .J.~ u 
7 1 8 0 10 1 12 2 14 1 15 0 15 3 16 0 16 1 17 0 16 3 18 0 20 0 
7 1 8 1 10 3 15 0 18 1 20 1 23 3 26 1 28 3 30 0 31 1 33 1 34 3 34 3 
6 3 7 2 10 1 14 1 17 2 20 0 23 3 25 2 27 0 27 2 28 0 29 2 3 34 3 
6 3 7 3 11 0 16 0 18 0 19 3 21 2 23 2 25 3 27 0 26 3 27 2 29 ,. 33 0 
6 2 7 3 10 3 14 2 17 1 20 0 21 2 22 2 23 2 25 0 26 1 28 2 31 0 33 2 
6 1 7 1 9 3 12 2 14 3 16 1 18 3 19 1 19 3 19 2 20 3 22 1 23 3 26 1 
7 2 8 3 10 2 12 0 12 3 13 2 14 2 16 1 18 3 21 2 25 1 27 2 30 0 31 0 
7 3 9 0 11 1 13 3 16 0 17 2 20 1 23 0 26 1 29 1 32 3 36 2 39 3 44 0 
7 3 9 0 14 l 17 1 20 1 23 3 26 1 28 3 30 3 33 2 35 1 36 2 38 0 0 1 
~~~~~~~~~~~~--------------------------............ .. 
TABLE 6 
WATERING RECORD EXPT VI 
Average amount of water applied per plant (pounds and quarters) in each treatment=set by weeks. 
Weeks I Transp. 
1 2 3 4 5 6 7 8 9 10 11 12 13 Total Ratio 
A 1 2 2 3 1 1 2 0 4 3 5 3 3 3 3 1 3 3 3 0 1 0 32 3 1527 
B l 2 2 3 l 0 0 3 5 0 5 2 4 0 2 2 3 2 3 3 l 0 31 1 1497 
. 
c 1 3 2 2 1 0 2 3 5 0 5 3 4 3 4 1 5 0 4 0 l 1 0 3 38 3 1125 
D l 1 2 3 1 3 4 2 7 1 9 1 7 0 8 1 8 3 4 1 2 1 4 3 1 2 63 2 697 
-
E 1 3 3 2 2 2 6 0 7 3 10 3 10 2 10 3 9 3 6 2 2 2 5 0 2 0 78 1 777 
- 654 F 2 0 3 3 2 3 3 3 7 0 9 2 11 2 12 2 11 1 6 3 4 1 7 2 2 1 84 3 
G 1 3 3 1 2 0 3 2 5 1 7 3 8 0 8 1 9 0 6 0 3 3 7 0 2 2 68 0 753 
-
H 2 0 3 2 2 0 3 2 5 0 8 0 7 1 6 2 7 2 4 3 3 2 6 1 2 0 61 3 702 
J 1 0 ! 0 1 l 3 0 4 1 6 3 3 3 6 3 6 0 5 3 4 0 5 3 2 2 53 3 694 
K l 0 3 2 3 1 4 2 7 1 9 3 7 3 11 2 12 2 9 2 7 0 9 2 5 0 92 0 685 
L l 0 3 0 1 3 5 3 8 2 9 2 6 3 9 2 8 1 5 1 4 1 9 0 6 2 79 0 678 
. 
M 5 0 5 1 1 1 6 0 7 3 13 0 12 0 15 2 18 0 16 1 9 2 11 1 9 1 133 0 490 
N 3 2 6 0 5 0 13 0 19 3 32 l 32 2 44 3 45 3 44 2 23 0 37 3 20 3 1322 2 
Table 7 
WATERilrG RECORD EXPT VII 
Avera~e amount of water a-pplied per plant (-po'finds and quarters} in each treatment-set by weeks. 
Weeks - - Trans-p: 
1 2 3 4 5 6 7 8 9 10 11 12 To 1 'qa~ios 
A 2 2 6 2 2 1 5 2 1 0 2 1 1 3 1 3 2 2 2 1 2 l 2 1 32 3 3298 
D 3 2 6 2 2 3 7 l l 1 4 1 3 1 3 0 3 2 3 0 3 3 2 2 44 3 1724 
- -
F 4 3 7 1 3 1 8 0 2 0 5 0 5 0 5 0 7 0 6 0 6 2 5 0 64 3 737 
-" 
G 3 1 8 0 3 1 8 2 2 1 6 1 5 0 4 2 6 1 6 2 5 3 5 l 64 3 763 
-
H 0 2 4 2 3 0 7 2 1 3 5 1 3 3 4 l 5 3 6 0 4 3 4 0 50 l 604 
J 1 0 6 6 3 1 7 0 2 0 4 2 2 1 3 3 6 2 5 0 4 3 4 3 49 3 683 
L 2 2 6 2 2 3 6 3 1 3 4 0 2 2 3 0 4 2 2 3 3 0 2 1 42 l 
-Av. of 3 plants only . p 1 3 7 0 2 l 7 0 0 2 3 1 4 l 5 l 7 1 6 0 5 3 4 1 54 0 1141 
-
-
-
K l 2 7 l 2 3 6 2 l 1 5 0 4 2 4 l 6 0 6 1 5 1 5 1 55 1 626 
R l 1 6 3 3 2 6 3 1 3 5 1 2 1 4 0 5 0 5 0 4 2 3 3 50 1 504 
Table 8 
Fruitfulness. Exnt . VI 
I ~aunt of fruits set, of blossoms matured. and of buds formed. U1usters are lettered beginning at the 
bottom of the ~lent. Figures ere averages per cluster in e~ch tre tment-set. 
Treatment-
Clusters sets 
H J K L N 
k MS Bi' MS MS ~ MS Br :MS Br 11S Br MS Br MS Br MS Br MS Br MS Br MS Br 
L .2 1.0 
fl\ .5: l"/ "1 •'1 ..5 l"-l'V'\ 2.0 
13 r- " (3 .- .. ,,,. '\ 
.6 K 2.0 
3.0 
J .o .6 1.2 2.6 
3.0 3.6 
H ;o .o .a .2 
.2 .4 2.2 3.-0 
.8 .6 3.2 4.6 
G .o .o .2 .o .3 .o 1.6 
1.2 :2 
.4 1.2 .6 .o .6 ;4 2.6 4.4 .a 
.7 2.8 1.0 .a .6 1.6 2.8 5 . 0 2.6 
F F,,-.., I t J .,. .o .o .6 .2 .o .o .1 .4 1.8 2.4 .4 
3 fo .sso 5 .2 .6 2.8 .6 .6 .o .4 i;6 3.8 4.8 i:& 
~'"' c:LS .6 .6 4.4 1.8 1.0 .6 2.7 3.0 4.2 5.~ 3.6 
E .2 .1 .8 ~o .2 .o 1.4 .o .6 2.4 
1.2 .6 3.8 .2 1.0 .o 3.0 ~o .6 4.6 
2.2 3.1 4.4 2.6 2.4 2.1 .1 .4 4.2 
D .6 .7 .4 .o .o .4 .6 • .o 1.6 1.4 1.9 .6 l~O .o LO .o .o • l: 2.£ 
3.2 3.3 4.0 3.0 1.0 3.8 3.3 • .o .6 4.6 
• I 
c • 4 .7 .o .o .o .2 ~2 .o .0 .9 ;o 2;2 . 2.+ 1 • • 2.4 2.3 2.6 .4 .4 .8 .2 .o .4 1. .1 1.4 3.0 2.6 3:6 2. 3.6 3.7 4.0 3.2 3.6 3.0 4.6 .8 4.0 2. .6 1.9 4.8 5 . 4.4 3. 
B .o .o .o 1.6 1.6 2.4 l~O 1.6 1.0 1.8 .6 •• 4 1. 3;0 • 4;0 2~ 2~0 1.3 1.8 4.2 3.9 4.4 2.a 3~6 1.s 4.2 l.O 1~7 2. 4.0 2;a 5.0 3; 3 . 9 2.7 2.2 5.0 5.0 
·6.2 3.6 5.6 4.2 4.6 3.6 4.7 4. 5.6 4. 5. 2 4. 
A 1.4 l.O 1.2 3.0 3.6 4.4 0 4.0 ,o 4.0 .2 3. 3 .1 .1 3.6 .o 4.6 2. 5.1 5.1 4.6 • 5.0 5.6 5-. 4 .2 5.0 .o 5.8 ~6 4.9 1. . 9 .3 4.6 .6 6.0 4; 5/3 5.1 4.6 6.4 6 6 6.4 4 6 6.0 3. 6.6 3.6 7.1 4. .6 3.4 6.? 4, 6.? 4. 
Av. 1.4 1. 1.2 5.8 7 4 9.6 7.2 7.4 5.7 11.6 12.4 26.6 42.4 per 7.1 6 .. 6.4 14.6 16. 9 24. ~ 14.2 14.6 12.s 21.3 22.4 45.6 71.0 
'Plant 9.1 7. 6.8 26.0 29.1 43.6 36.0 32. 0n 33.4 38.7 45.n 56.0 84.4 
FRUITFULNESS EXPT VII Table 9 
Count of fruits set, of blossoms matured, and of buds formed. Clusters are lettered 
beginning at the bottom of the nlant. Figures are averages ~er ciuster in each treatment-
set. 
Treatment 
sets . A . B . F . G : H . J . L . p . K . R . . . . . . . . . 
Clusters 
.0 .o 
G :8 .1 
1.9 1.4 
F l'ruits set- - - - .3 . () .o .o .o .3 
Blossoms - - - - .5 .o .2 .6 l.ih .3 
Buds - - - - - 1. 8 1.0 2.0 1.0 4 . 0 2.6 
E 1.0 .e .o .0 .l .1 .6 
1.8 .6 .4 .6 1.1 -~ .6 
3.3 1.6 2.?. 3.9 3.0 4.4 3.4 
D ~o 1.5 .1 .6 .1 .8 1.3 1.1 
16 2.6 .3 .6 .1 1.9 1.6 1.4 
.6 5/9 3.9 4.6 4.4 4.1 4.3 5.1 
c .o 1.4 .6 1.0 .3 1.6 1.1 1.3 
.o 2.0 1.3 1.2 .3 1.8 1.1 1.9 ~ 
1.6 5.1 4.6 5.0 4.7 3.9 4.3 5.0 ~ 
B .8 2.6 2.6 3.0 2.3 .1 1.9 2.6 
i.a 3.5 3.1 3.8 3.1 2.5 2.3 3.7 
4.6 5.8 4.9 5.0 4.7 3.9 4.6 4.9 
A 1.2 1.6 1.8 2.6 2.8 2.7 1.6 2.0 2.6 
2.6 2.4 2.5 3.0 3.4 3.1 3.0 2.8 2.7 
3.6 3.6 4.5 4.0 4.8 4.3 4.0 4:. 0 4.1 
Av 1.2 2.4 8.5 6.8 7.4 5.4 4.3 6.4 8.4 
ner 2.6 4.8 12.9 9.7 9.6 7.9 8 .o 10.0 10.7 t pl1int 3.6 10.4 26.3 23.~ ~3.6 23.0 18.9 27.4 26 .6 
y_ 
T ble 10 
FRUITFULNESS EXPT VI 
Rntios and peroenta~es for count of fruits set of blossoms n:.o ured , and of buds or 
( l) Buds -per fruit (2) Blossoms ner fruit ( 3) Buda oor blossom 
( 4) Peroenta e of blossom settin~ fruit. ( 5) Pere nte e ot bu setting f it. 
A B c D E 
(l} 6 . 5 7 . 9 5 .7 4 . 5 3 . 9 
( 2) 5 . 1 6.4 5.3 2 . 5 2 . 3 
( 3) 1 . 3 1.2 1.1 1.8 1.7 
( 4) 18 . 9 15.6 18 .7 39 .7 43 .7 
( 5) 15 . 4 12. 6 17.6 22 .3 25.4 
Ratios for lines (l), (~). and (3) are 
rouned and nlotted es follows: 
Sets AB C , Sets DEF, And Seto G H J. 
F 
4 . 5 
2 . 5 
1.8 
39.7 
22 . 0 
G 
5 . 
2. 0 
2. 5 
50.7 
20.0 
H J 
4 .3 5.9 
2. 0 2.3 
2.2 2.6 
50.7 44.2 
23 .l 17.l 
ABC 
( ,, 
2.) 
K L 
3 . 3 3.6 2.1 2. 
1.8 1.8 1.7 1.7 
1 . 8 2 . 0 1.2 . 2 
54 .5 55 .3 58.3 59.7 
30 . 0 27.5 47.5 o. 
G H J 
FRUITFULNESS EXPT VII Table 11 
Ratios and ~ercentegea for count of fruits set, of blossoms DEtured, end of buds 
formed . (1) Buds ~er fruit (2} Bloaaan.s ner fruit (3) Buds ner blossom 
(4) Percent~~ee of blossom aetti~ fruit 
A : • D : F : G : H 
(1) 3 . 0 4 . 3 3 . 1 3 . 4 3.2 
( 9) ?. • ?. 2 . 0 1 . 5 1 . 4 1 . 3 
(3) 1 . 4 2.?. 2 . 0 2 . 4 2. 5 (4'.><33.3 23,)j 32~3 29 .~ 31.3 
60.0 66 . 1 70.1 77.1 (5) 46 . 1 
Ratios for lines (1). (2), end (3) 
Dre grouned end plotted as follows: 
Seto A • Seta, D F. end Seta G HJ. 
: J 
4 . 2 
1 . 5 
2.9 
23.S 
68.3 
( 5) Perfentage of buds setting fruit . 
. L : p : K : R . 
4 . 4 4 . 3 8.2 
1 . 9 1 . 6 1 . 3 
2 . 4 'i'.. 7 2 . 5 
22.7 23.3 31 . 6 
50.4 6 . 4 78.5 
A D F G HJ 
f,, (~; t::==== -=1 1 
_.. ............. _._._. ........ --...... ------~~~ 
E 'PT I ABLE 2 
FRUITF'L s 
Det il d r cord of bud blo 0 nd fruit-.et in 
Exp .. I e F ( '?), to 11 1 v of u . t. 1 8 '! 
Arr ge b d c l t re . 
ver e "'o" 1 
Br 
Q. 0 ~ 
.2 6 6 
14 
F 0 0 0 2 . 6 
' 
' 
4 2.8 4 
5 5 4. 22 
0 2 
' ' 
5 9 
4 4 "2 
D 0 0 . 4 
0 . 6 
4 .o 
c 0 0 0 
' 
1 
' 
•. 4 15 
' 
4 4 , . 2 ,6 
B 
' 
7 
5 ,6 
7 49 
A 5 0 5 0 5 
6 0 5 0 6 . 28 
7 6 5 7 5 4.6 55 
·:s • 
9 . 6 
2 .2 
. 6 
17 
Tables a nd 
' 
ho t}J I u u 1 } l ( .... records for 
fruit, tops nd root.a . Probabl error e e calculnted 
by the Peters tor ula.. { t , p • ) 
The history of t e r4 r cc of to to pl nt 
c nnot be ex r 8 ed by a t of d ta t c at ho. r est 
ti. e . ror e.. pl c, total dry i ht divided b number 
of weeks doe not give ..... OU t of at ... ro-
uccd e c. e.. Sue nfor tion c n. Ov ocure di-
rec l i 0 .... co 1 ic ted d lie te co trol, n ., 
ev it ul b i 0 1 to iff r t t .e 
v rio ctivi f t 1 nt . r lcae, t 0 t. 
8UC d , our kn l of t. cono of the pl nt 8 
pi ti ull i co pl te . In e xp r ent t r t p • 
o~ d t in to tho h r f .... ur er t .en 
in t 0 ope y i t r o 11 t o. t pro-
gre of gro t. d r rod c ti n d r t e r-
vening b w en l nt e tt ne n th fin l rv t. 
T ble nd 5 w th ht 0 t 
eke . bl a 6 n 7 aho t 0 ' .. 0 
" 
ter pp lie 
to t e l nt of e c. t ek b r eek . l 8 nd 9 
8 0 d t on the r roduct ve ct v·ty of pl n in 
eac et . Record w 8 ept of t 0 nu er f buds for ed 
i e c. cluster, t ... e u ber t' n ca e to full bloom, 
with the d te of opening, and the nu ber of blossoms 
that actually set ruit, ith dn e of l rveat . 
18 
SA PLI rG 
S mplcs for nn l;ci::i "·o l.t c t ': .. in the 
fternoon of bright d y in order to eli in te ae f r 
a pos ible d"fferences due to conditions for carbo d-
r e nnuf cturc, etor ge nd utili~ation . Two or thre 
plant ere ken fro e ch oet for ch analysi 
m de an t eir s t s re rds v etation nd re ro uc-
ti n at .. 
" 
e ti e c u l no L 
sep r t d nd Weig •d to f'ft r t 0 
in 80 c c se 8 11 r unt h to 8 ff ice . 
, t i 1 
8 pl ced i cl n E- s 1 qu rt j r nd lco ol 95, ) 
dded to i r can tr t of' bout 8 
I pl nt w co 0 , 
oiature cons id red . J r r bbara r ex .. r ted t 
lcoho 1 bef'or u 0 . lciu c rbon t , .25 e . , d-
e to e c. r 8 a pr c ut o in ... cid t rs 
ere h t t bo t th bo · 1 i point of t con nt 
for th rty n t d e d n 1 b led. oiatur 
co .. t of' se er l 8 1 d t r ed e e for ... 
c lcul ... "' ng t e ount of lco ol to b used . 
2'0 
EXTRACTION 
Preserved material was removed quantitatively 
from t~e jar to a 400 cc beaker . The extract was poured 
thru a 15 cm filter paper into a tooo cc volumetric 
flask . Stems were cut into quarter-inc h pieces, without 
loss , over a glaoo tray, and replaced in the beaker . 
Eight to ten successive portions of about 75cc of hot 
80% alcohol ere added , allo ed to cool for t5 to 20 min-
utes and poured into t. e filter . The residue on the fil -
ter paper was ashed ith alcohol and then transferred .. 
without loss to t: e large beaker . The who le as t~en 
... ransferred to a s all weig1ed beaker and dried on a 
stea bath . 
il:lmodia tel 
Its air-dry eig1t was taken an d it was 
ground in a s all mill and ~ de into ali-
quots of 1/5 and 1/10~he original residue fro extract-
ion. T.ese were kept in closely stoppered bottles unt·1 
neede for analysio . Tho extract L t. e flaol was 
broug. t to roo to~ e: .:. .ce , a.de to volu e a d im edi-
a.tely divided .int al iq 1ot or 1/10 an l /5 
.r r analysis . 
ALI .UOTS 
Aliquots were used for analy is as follows : 
f!xtract 
2 1/5 :ono- and di-saccharides 
2 1/ 10 Nitrogen 
a ... orud 
} 
1/10 
2 1/10 
21 
Divided into duplicate parts for total sol -
ids and ash . 
Lipoids. 
,Residue 
2 
2 
2 
1/5 
1/1 0 
, f.10 
Poly-sacc ta.rides 
itrogen 
Total sol i ds an d ash . 
CARBOHYDR!.TZS 
11 carbohydrat0o a re expreosed 
trose . 
t c · 1~0 of dex-
But two carbohy rate determinatio s were a e 
since o o- and di - sacc arides are readily n speed-
ily transfor ed from one to t l e ot~er wi. in t .e n lant . 
It is a question wet.er t l e aame it ation . does ot 
prevail with reference to at rch to uch a degree as 
to render t eir se aration of doubtful significance . 
In this pnpor t .e ter ono - and di- aacc ride 
is used to c brace sue car o ·drateo o arc s·luble in 
alcohol and in water an are hydrolyzed under t e con -
di tiono deocribed for t. is group in a succeedint:; • are.-
graph . 
The ter poly-aaccharide is used to inclu t c c rb-
ohydrates in- soluble in a.tel· ·nd in lcohol and hydro-
lyzcd as described, Thia presumably exclu es cellulose 
_.. .............. ________ .... __________ ~---~ 
22 
r" 
a.nd c onfops rour;hly to the stare h con t~n t . 
showed that material subject to hydrolysio under tne 
conditions described for ono- and di- saccharideo to 
be co4pletely extracted ao far as 80~ lcohol is oon-
cerned. A 1/5 aliquot of the reoidue wao extracted ith 
150 cc of war water to insure complete remo al of water 
soluble no well as alcohol soluble mnterial . 
A 1/5 aliquot of the alcohol extract waF dried do n 
on the 3tea bat to remove ~ost of the alcohol . The 
water extract mentioned above wa used to transfer t1e 
material to a 200 cc volu~ctric flask and it was -ado 
to voluue with water . A 75 cc portion of t ' is was laced 
in a 100 cc volu etric flask and 5 cc of strong hydro-
c loric acid was added . The flasl-:: rao t len placed in a 
water bath at 70? C for ten r inutea . mhe a lution 
reac ed a temper ture of 65° in four mnutee. Care as 
t ken t1at the hydrolysis was unifor ly con ucted in all 
ca ses. T e flask wna quickl removed to col water nd 
broueht to room temperature . T e contents were eutrnl-
ized with so iu h droxid a d a~e to volune . 
T e sugar deter ination was ~ade by t: e Ber ra d 
e ~ od so odi1'ied .1at reduction took lace :.indor .• e 
conditions of 'unson and l' er , a~ing possible the use 
of their tables . (2), (, , p 994 et seq) . 
. ~-. 
,.., ..... \ 1: ' }~ ~~f ':\'. ; ~,t-, ·~ .l.Oi 
------
The residue fro the water 
extraction mentioned bove vaa washed into a two-liter 
flask with 150 cc of water . The mixture was subjected 
to hydrolysis by bo i lin[; riti1 15 cc of hyclroc.1loric ac-
id , S G 1.1 '5 , under a reflux condenser, for 2 1/2 hours . 
After neutralizing with sodium .ydroxid, t ~ e ixture •a 
transferred to a 250 cc volu e tric f l ask , cooled , a~d 
made to vol u e . Sugnr 1as deter ined as deacr 'be d above . 
a tr o g.£!! . A single deter ina tion of ni ro gen ~~s 
m~de by t h o Kje l dahl - Gunning method , modified to include 
nit· tea . Al iquots of extroct and residue were co, bined 
in ~he Kjeld hl flask and t' e alcoho l was driven off be -
I 
fore r eagents were added . 
~ry e i[ht a d As 1. An a liquot of the extract rae 
p l aced in a porcelain cruci b le and was d r ied dow1 over 
.L 
a water bath and tlen ~opt i n a vac u~ oven at bout 
95° C for 18 to 24 hours . This proc ( r e proved suffic -
icnt b_. ~cot . Resi u e was dried und er t h e sa e condit-
ions • 
. :a ter i al after dry i n & an we ig' · nt, , as ashed in an 
electri c al l y . en ed ~urnace at a te p eratur e of about 
550° C for 18 to 24 hours . T is ethod I) loo tccted . 
~· Re ul ta f analyse re presented in tabl 
t5 to 18. E ch figure represent t e ver g e of two 01!' 
ar e conson t deter-in tions . 
a ) 
Tabl e 13 
SUW. RY OF AN LYSES EXPT VI SETS A & B (O & . 5), E (16). 
AUD J ( 256). 
LEAVES 
Gree~ wei ht basis 
Trea t ment 
Set 
Samnle No 
Green wt 
A & B E 
25 17 
J 
13 
of sam;>le 25 . 86 
'I"'" 
50 50 
Dr:v wt 
Ash 
Mono & Di 
sac 
Polv sec 
Nitro&r?en 
STEMS 
s~mnle 0 
% 6 . 80 5 . 16 2. 56 
1 . 48 1 . 96 .70 
3.16 4 . 00 l . lP. 
. 138 . 232 . 334 
26 18 14 
Green wt """~ 6 6 • 06 50 . 00 39.00 
19 . 35 11 . 55 Dry wt % 1 7 • 0 2 
Ash 
ono & Di 
SAC 
Poly sac 
Nitrogen 
1 . 39 
3 . 04 
3 . 34 
.nee 
1 . 20 1 . 37 
3 . 18 1 . 32 
5 . 03 2 . 28 
. 102 . 142 
Drv wei~ht basis 
A & B 
25 
E 
17 
J 
13 
21 . 94 19 . 01 18 . 83 
4.76 7 . ~4 5 .18 
10 . 18 14 . 72 8 .21 
.45 . 86 2. 46 
26 18 14 
8 . 19 6 . ?0 11 . 86 
17.86 16.45 11 . 41 
19 . 63 25.97 19 . 71 
. 42 . 53 1 . 23 
.............. ~--~--..---~~----~~~-
T 
SU XPT VI S~~TS L 
K (8-8-8-8). (8-0-0-8) D 
L EAVES 
...... Gr en weiSht basia Dry weight b sia 
•• Tre tment LN LO K LN LO K 
set 
Sample No. 19 21 15 ___1:.9_ 21 15 
Green Wt q .... s 50. 50. 50. 
Dry t '1/o 14.49 12,72 12.22 
h 3 .15 1.84 2.21 21.71 14.45 18.10 
ono- and 
Di- c .?O . 87 . 40 4.82 6.84 3 .27 
Poly-sac 1.24 1.52 .94 8 .53 11.92 7.66 
itrog n .222 . 378 .314 1.53 2.97 2.57 
STE 
Green wei 
s pl No . 2 1 20 22 16 
---
Green t ~,.., 50: 46 50 
Dry t ') .. 1 • 6 t1 • .,, 4 . 6 
h t.t7 .07 • 2 ~.9 9 . 
no- and 
Di-e o • 6 .7, ~ . t • 
Poly-sac 
'·' 
t.57 2. t , .61 ,.9 14. 7 
itrogen • 14 ') • l+I+ ,.56 4. 6 9 
in 
y 
23 1 
0 o. • 
Dr t l . 92 12 . 07 
h 2 . l.7 2 . ~ l 30 
no- d 
Di-a 0 
-
.72 • l . 24 
ol - l. 6. 
itl"O . 1 0 • 0 • 7 23 
2 
l . ? • 2 
l . 10 8 l • 
7 
• 0 l 
1 .11 • 2 l g 
TABLE J,6 
XFT VII TS ( 0) , F (32), 
J (256) 
LEA •'S 
Green eighi ba_i Dry bt ba.si ~- -----
Treatment A F J A F J 
et 
Sample No . 27 l 3 27 l 3 
----
Green wt or 
sample gm 44 50 50 
Dry tl5 % 15.24 9.07 10.51 
h % 3.13 2 .40 2.17 20.52 26 .43 20 . 69 
,ono- a d 
Di- ao . 62 . 36 .41 4.09 3 . 95 3 . 0 
. POly-eao 111 3 .03 1.07 l.03 19.86 ll.84 9.78 
-itroaen % .132 .192 . 320 .87 2 .12 3 .04 
ST I lS 
Gre 
Sample No . 28 22 4 28 2 4 
-------------
Green wt ot 
ample I 50 50 58 
Dry t % 17.59 10.72 ll.56 
h % l.88 1.63 l.31 1 0 . 68 15.17 ll.3'7 
ono- and 
Di-ea.a f 2.79 .49 • 1 15.86 4.5'7 ?.89 
Poly-sac % 4.10 l.61 l.?3 23 .29 14.98 1 4 .98 
itrogen % 91 - 0 8 2 41 "' t 06 
1'7 
E _ T VII S.J'l'S 
R (1.6-16-16•16) 
p (2-2-2-2).K (8-8-8-8) 
·AV.'S 
Green ei ,ht~arda Drz w isht b~_i ____ 
T atment 
p K R K B 
5 ,, 5 
_,,__ i 
of 
s g 50 50 50 
Dry t 10.39 9.72 9.13 
h /11 2,38 2.ll l.69 22 . 94 21 .?0 18.,? 
n - nG. 
Di-sac I . 5 • 6 . 23 b .18 3.?2 2 .52 
Poly- a.o l" l.38 1113 l.07 1 3 . 24 ll.6 ll.68 
itiog n d_ . 256 . 324 I . 341 2 . 46 3 .33 3 .?5 
Gr en w_!ght ba 1 
:P e No . 6 a 10 6 8 10 
Gre D t of 
s ple !911 45 50 50 
D .. • lO.Q 10.3 10. 0 
h l.3f 1..39 l.42 12 . 30 1 3 . 46 14.16 
ono- and 
i-eac . 6 . 6 . 33 6 .26 6 .18 3 . 25 
Poly- c "/!' l.71 l.?" l. 39 5 .5A l .70 13.92 
itrogen ,~ .100 . l 2 . 206 . 91 l . 83 2 .05 
TAB 18 
EXPT VII TS L ( - 0- 0-8 ). x. 
'AVES 
Green 1teight baaie -~ Dry waight bas~•~ 
LB LA x LA x 
O , 11 29 3L_ ___ ll _29_ 33 
Gree t cf 
eampl B 50 45 50 50 45 50 
Dt7 i t % a . 37 10.19 10.03 
Ash % l,74 2 . 82 2 . 04 20 . 82 27 . 71 20 . 36 
n - and D 
Di- c % o.oo . 30 . 29 o.oo 2 . 90 2 .87 
Poly- % .92 l.13 . 91 10.99 ll . O? 9 .03 
itrog n % • S-4 . 156 . 372 4 . 23 l,53 3 .71 
j__a i•_ 
s ple o. 2 0 4 0 
-- - -
Gre n of 
8 pl 50 32 5 50 32 50 
Dl'y t % 8 , 37 1 3 . 96 10.33 
Aah ~ l.41 1.68 l.30 16.81 12 . 06 12 . 58 
ono- a 
Di- c % . 2'1 2 . 01 l . 3? 3 . 25 14.40 l . 22 
Poly- ac I l . 15 2 . 31 l . 36 1 3 . 6 1 6 . 52 l v .12 
i t 0 n .186 . 056 .196 2 . 22 • 0 1.90 
• 
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DISCUSSION OF PLANT DATA 
The 1arvest data for the two experlments •e ex-
pressed graphically in the curves of Figs 6 to 11 in-
elusive ) the data for heights of pla ts by reeks in 
,_ ,, 
24 
Figs 12 to t51 for final heie ts, Fig +6; . for water used 
by eeks, Figs 17 to 20; tot 1 water used, Fig 21;and 
for buds, blosooms, and set of fruit , Figs 22 and 2,. 
T e data on root gro t. ill be given scan consid-
eration as tH~ differences under the different treat-
mente are ver • slig1t , the probable errors4 e larcc and 
there is reason to believe that t c e od of Rrvcstine 
was far from perfect . In Experi ent VI roots ere re-
move by shaking the. gentl out of ~he sand. The ere 
en rashed, squeezed artiall clry and 1e i hecL. In 
Ex>eri ent VII, a jet of ater \VR used to a.sh ·.e sand 
.. 
out of the boxes le in e root .na. s s behi.ci . ·eit1er 
et od as so.ti fa.c 0 ·y . A scl e e t 10. t fully protects 
tle ender root fro loa is not effective in re ovinc; 
t e: eav qu.rtz sand, while if the sand io f 11 jis-
posed of, there is serious in 'ury to the plant te ial . 
T.e striking feature of t.e whole o.sae bly of 
curves, t enty in nu ber, for t e A-J series in both 
experi ents is their 1 oat co plete un ni ity in reach-
ing a mo.ximu t tre tment F (}2 gm nitrate per box) . 
Even tho exceptions ·ay almost be disregarded as 
25 
such 1since the curves are practically level from tnia 
point on and fluctuationo ~e probably :ithin the exper-
imental error . 
In Experiment VI all curves show a rapid tho de-
creasin g rate of rise to the aximum at F, being up to 
this point , typical expression of the law of the min i-
u • Beyond F, with t e exception of ~reen weight of 
tops, ' t ere is a .21.ked fal 1 to G and a ver ,. gr adual fall 
froo. G to J. 
The curves for the A-J seri e s in Experi ent VII 
correspond in Eener 1 to those for Experi~ent I . The 
oJ lesion of cert in inter edintc tre t ents alters the 
confor ation so e• at. It ie noticeable th t differences 
are not o wide in this utu n ex eri e t nor the del-
eterious ef~ects o~ the higher tre t ent so arked as 
in the u er experi e1t . 
Sets a d L' -0-0- ) i Ex eri~ent 
show uch e re tAr efficienc for t. ir respective ounte 
of 1itrate th en the n trient 8 pl i d at on :ti e. 
In Experi c "' " I ... th . old true f r a top re 
concer ed. I fruit t e di rencee re not ver m rkod, 
bei g f vorable t the repe ... d pplic ions in F (2-2-2-2) 
"' 
nd unfavorable in K ( - - - nd R ( 16-16-16-16) 
Sets .. ( a nd nu re and soil nd m nu re, 
far outshone their neig. bore in all respects. he 
26 
latter gave yields that are comparable to tho3e attained 
by good plants in co mercial greenhouses. We have yet 
to learn h w to secure such performances by meano of 
ei ple chenical nutrients . 
It ae not found possible by eane of hich appli-
cntione of nitrate t? brine about a condition of ex-
tre e vet:etative vie;or coupled wi .... un:'ruitfulness-- a 
condition that occurs in field and ~arden nd that ia 
co ~only nttributed to over-rich soil and abundant 
r oisture . Su c h l an t e a:..- e said to . ave "r u n to v i e a 11 
and they correspond to t'. e firs categor of Kraus and 
Kraybill 1 s introduction, quoted on pae;e S L of this papeZ!. 
/.:il.;,l;-5. 4-~- ; , '/.51L-l~-
HeiA. t of Plants . Aa indicated nbove, records of 
~eight of p l ants and of ter applied were taken week 
by week in t e 1ope that t:.cy ~ig:1 t off r at 1 e11s t a 
fr ment ry picture of the rogreso of t'. e ~la ts s 
they aaacd t : ru the nriouo stages ?f their gtowth . 
Heie t is not an ccuratc _eaeure of g rowth e t e 
plant ~ay develop gre tl in oth r respects without pro-
portionate incra se in thio . ·urtheroord, a pl nt suf-
feri g fro- nitrogen hunge r shows deci ed te dency to 
11 spin le out 11 , 8 ining teriall in . ei..,. t after real 
growth is nearly at standstill. Thus detailed der 
ductions fro ~h so ~r s ould be of doubtful v liditr 
unlesa well supported by ot~tr evidence. It is notice-
ab l e however that the curves bear uch the same rel a tion 
1 ) 
27 
to 0 ch ot r t rl r t t t nd of t 
x ri nt . A co i 0 t - J ri in xpor -
i nt ' 1 nd II u 0 t r t 0 r cor d 
bov 
' 
th ... 
" 
itr 
" 
i d tr n l i t 1 r . 
I ' I ' 
, 56) d t rl i 6) n - > 
tr . l to t r r r 0 uf' r f 0 
n t 0 r II , G, nd J ol clo 
.. o t. fo x b ... or 11 
A co . r 0 ( -Q - ) 
bot r t ... t or/ o -
of pl t 
I\ i t r 
t n 11 tol b 
nc .. r r t n P, 
1 l s t u.ff r fro itr n 
un r t r ry b t a c l r e t 
f r d 11 t. ourt. n • 
s r ro r t . t r 
fo 6:. 
rf . ,, 11 r c 
l 0 
t • ur po r n r d t b 
OU 0 r 0 
0 r co t 
co n r d . 1 
c l boi r d t I d l i t 
8 
of round 180 pou ds . The 1 r e number of · gl in a 
i volved wo id , vcr , tend to equ 1 ·7.e errors . 
Ki sselb c 5) s obs rve t t h lf of the tot-
al water us d by er p of corn b t k n up in t e 
cour eek . This hold for t e eu r crot of 
to to eo b t n "' r e f 11 crop, w n eva or tion 
e r 1 tiv ly lo . T. e co p ri on is rdly f ir, ho -
ev r, t e toCl to crop tended t r er od of but 
t lve e 
T co clu n O.Lf r d b ~o 0 er 6) nd b 
Ki elb c (5) t t f rtility of l corr l t d 
te co no i u or d b t tr n pir t 0 r 
... 
.. 0 . 
Set (s · 1 n ... nur ) us d b f r th 0 t w but 
OW ... lo t tr n p ir tion r io . l nt .. 
s 0 i r tio•. di ff r nc 1 fro D ( ) 
to J (256) r no co i t t 0 h to rr nt c n-
cl sion . 
uur 7 r r n t t r co l.0 
of .. h p n t n ri 
a ount of w t r u d 1 nt ri t 11' r co -
0 , 1 f r nd n ct nc t d t 
c ot r r r of or~ d t 1 nt 
ch w c . A t i i no .,ic bl t t t 
tre t nt b r t n r l rel tio to e c. 0 er 
in ter pp n eight .d in t rio e urea 
of crop r •e t d . e . re , how er, e r e ex-
ceptione. 
The comparison of curves for height of p lants and 
for water used in sets K (e-8-8-8), L 8 - 0-0-8) nnd D 
(8) in Experi ent VI Figs ,, and 18) are especially in-
teresting s agreeing in the record of pln t rerdormance 
under repeated, interr ryted and single treatments . 
Buds , Blossoms , and Set of Fruit . T blee 8 to 11 . 
Figuree 22 and 2' 
All t ree curves for each expericent are in ge er-
al accord with those for ovher g rowt h expreooions . 
It is notice ble in both experiments tha t e 
ratio of buds to bl oms rises hile ~at of blos-
so s to fruit falls with incre sing appli c at ions of 
nitrate . In ot.er words , u der nitrogen sho·ta e, lo 
proportion of buds t. at core to bloom is 1 r e while 
the num ber of bloo s t .. at set fruit io a ll. At 
same ti e , undue weight s. oul d no be placed u pon such 
ded uctions as e c stage noted in t: e fruit aking pro-
cess may e sub ivided into several a tep s , e c 1 of 'fhich 
may be ore or le s .:.nde en dent of t. e ot.ers nd n 
be governed by ore or lea distinct set of extern 1 
and internal conditions . A u eric l r io does not 
neces arily represent a ca.us 1 relation lip . o c ief 
significance of sue. data l . ies in its usefulness 
'-' 
s sui::;-
ge ting steps in the nal siG of the w ole roceas of 
fruit-ma4ing, each step of hich ~ust be subjected to 
,0 
investigation on ita own erita . 
include: 
Such a division ight 
Layin6 o n of floral p ri ordia . 
2 Development to maturity of t1u bloa3 o~ . 
Po llen an ovule development . 
' Pol li a.tion . 
4 Fertilization . 
5 Dev elopment of t. c fruit . 
A study of the data for Experl en t VI re ·eala rhat 
y be ca.Ile aves of f ruitfulnesa. Se a A O) , B / . 5) , 
and C (2) produc d a few fru:ts on 
ers per plant nd t.en died . Set 
h ie is outside t e experi ent b 
eac. of two cluat,. 
(soil and manure) , 
reaoon of t e any 
factors involved in t e use of anu e, see to offer 
the oat favorable cond"tion f 11 . The pl nts gre 
cont inuously , blosao ed n d fruited with gre u ifor 
ity until t c sup ly of plant :ood nppe ~ed to be x-
. austed . A u ber of pla1t i1 the i t r~edi te sets 
a owe~ two distinct pe ·iods f fruitfulness . In set 
F (;2), ~xperi .ent I , t e s arizc~ record of · 1ic. 
is re roduced i ~able 12, no fruita we·e set int 
hird cluster and i n fo r of t e five pla ta, t~e 
cluster barr n of bot, bl 3so o n frui • T e 
urt. 
clustcr::i n.bove blos ao ed nor 11 ' and bore f ·u ·t u il 
t.e .o o d sup l y as e.R usted or t e pl ~ta wer 
ed. A thoro stud o his periouicit o~ fr itfulnesa . 
should be of signific nee a thro ing light u on tho 
balance of internnl conditionA it'.1in tie .,1ant . Doe 
tie making an maturing of fruits draw so heavily upon 
the resources of the 1 n that there is a tempora·y 
short ge in some f 0 ctor essential for t~e developm6nt 
an .aturing of buds . If so, w at factors wit' in :; e 
plant render condition favorable for one activit at 
the e penae of nother--favorable for atu i g of 
fru·t b t not for bud develo _en ? Thus is su~gosted 
most fert"lc field for reaearch--a field tnnt is 
pr cticall ... I • n~uc.ea.a far a t .. e t . t sd::::.il ar 
pl nts arc concerned , tho it aa been entere u on Ly 
worker 1i t. t 1e tree ..:"'rul.., • 
DISCU nro·__E_H"':ICAL n:TA 
In conaid.erin_s the data. fr m cheu,.:.c:il annl.r la , e see:c 
to go.in so.me idea of the inter al condit.:.ons t:, t cor-
reopond to tre ~ enta npplieu un to external ex~ressions 
of grawth antl reproduction • Sue. datn re of real v 1-
uo for t.1i ur oco but . .. . l " .l nece::is ry to re:.ie bor cer-
tni l VCl' ·lo o li it 
In t:1e f'irat place , a.n analyois repre en co 
eider ble bulk of plunt muterirl , 1ro various pnrts nd 
structures , und includine cells of wid l various nnt-
ure and function . pider rl , vascul r and renc 
ntou tis ues are lxe .:.. diocri ·r.atel y . "' us i can 
onl be expected tat c n itio1s w ic a·c cor.apicuoua 
i n t .• e econo y of the pl nt w·11 b re·o led . ':::' e ct. -
ods of icroc e.mist 8 .ould be f ere t service in a.t 
l e pnrtiall ove.co ing t i li it tion , t.o tea· 
ference bet een i n vitr o nd i vivo will doubtless re-
in . 
I n t.e sec nd pl c e , tte relnt10 o ~ cnu e an 
effecv are frequen l o t co nlcx , nd indirec ore 
oftc. t n di r ect . . :ore t an o e c n s be ol od 
in a sin 0 le effect nd a si gle cause ay e ef~ ctive 
i seve n l u ' rect i ons . i o:r are t. e e rel tio in e-
e d • t of vi e . T. e sctti of a fru.:.t todaJ ay be 
the result of a condition w ich existed several d~yo ago 
and rhich.rtta.f no 4 ve ra aed , In future studie~ it is 
hoped ~ at it ~o e possible to ndnpt to tni~ rk 
.L. 
e1.1 -
oda of an" ly:iia vl ic 1 have alrc dy been e loyed in °ed-
icnl rcoee.rdh and Mdtic'1 nor it the use o:!' small oa:iples . 
a.. 
Thus might sampleo of leaf and ate be vt~ n fro 
" 
ee:c to 
.eek wit, out destroying t'1e pla 1t ; and ·e \•ould be able 
to build up : is or of .;.. t rno.l conditions correspond-
ing otep b step to tl e ex ern 1 evide ces o rlant per-
for o.nce . 
Le vcs constitute t .e £, rent orka iop of .etnbolia 
. 
in .e plait , ,. ile t. e ate e re concerned rimu ril 
t o not exclu~ively , with tr nsport tion and stor Le • 
Hence conditiona ·n t. e leaf are e p.aslz d , 
Dr eie t a reg ~ded 
i 1 produced by pl nts " n gr 
be ter 
en wei + 
. " 
sure of .. tor-
on e.ccou t of 
the Lreat flu c t ation in w er content . ... e latter, 
• o ever , better e"presoee t. e condit'o of etabol 'er:i. 
exiut· i . in plant t g'ven o en , and t\io bo.s-
is i accordi gly u ed i t e discussion unles ~.e co -
rar is st ed . 
It u fortunatel r.o p oible to co are anal -
ysie od ea plea t ken ve ti e it t.1e qu nti-... 
" 
tative record of pla t perfor nee . Aa inti ated above , 
the conditions prevailing t t•at o ent are not nee-
cssnr i ly t:e ones t 1 t have go verned during the pro-
g r es of the lnnt in producing ·ta total yield . Fo r 
thia re son careful notes ere m de indict tine the st te 
of the plclnt · s regards vegetation nd reproduction at 
the time of sampling . In a ~e cases t~i~ at~te had pro-
vailed for but u ort time, as in sot 'aoil and anure) 
or s1::t FVII 1 )2 ). I n ot.e· cases , as in K (8- 8 - 8- 5 ), i t 
1as been pooalhle to m intain rat er uni or~ e~ vior 
t re.out several weeks . Th:o et.10d of ppl •in.., n tro 0 e .. 
e eema eapeci lly ro is ·ng for future or. a offe · e 
greate1· stabili t y of conditio. s and of per or ance . At 
t o sa e ti c , wit. t. is or oven wit. t. e .cCall method 
of c 1 ngi gs lution s 7) , ssu ing it c•n be a ape to 
l arge con t aine r s , e h ve no e na Jf c ntroling v riou 
of the pro c esses th t go on in t e s il such s adsorp t-
i on, i g~ation o nu~rients nd ot:er • iutrients p -
plied , nutrients ailable to v e pl nt , nd nutrients 
ente · i g e pl n are thr e d"ffere t i es . 
co DIT I 0 PLA TS . TI : SA 'PLI lG FO. YSIS 
Ro an nu eral re used to is i u a. t. e e.per-
i en ts n Wit" c he set were gro n . 
A VI VII ( 0) . Pl an s a be e n ble to e·o 
' 
blo e so , 
nd set frui t f o r a s . ort t it::ie , but when s nled, ct iv -
ity ha d p ractica l l c e s ed and they a.owed the sy p t oms 
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characteristic of extre e nitro e1 ot rvation . 
E VI ( t 6) ', F I I ( ,2 ) . E o oelectcd by euess a 
probable opti um treat ent nd as s r.tple<l f or nal;rsis ,' 
in Experi en":. rr, Treat cnt 
this set wa ea pled in II . 
proved or~ favorable and 
In both c scs the p ln ts 
had been ctive in vegetation and fruit- aki g, but at 
the tie of sampling both a.owed evidence of nitro e en 
shortage, h vin~ probabl exhnustc d t v vailable ooil 
supply of t h is nutr'e t. E . s clearly non-veget tive 
an non- roductive. F w s non-ve geta ive but ha roe-
en tl · been in cti c r th . t ao sti 11 sli tly pro-
d ct1ve f fr it . 
J v: &; J II lli£h I w B non- ·c c;et tive nd non-
prod ctive at v e ti o pf ea pling. It d i d not ever 
s.o si8ns of nitr gen h rt ge, but rat~er f excess . 
J V:I both e tati e nd p roductive . T e differ-
ence be ween t et o is trob bly due to the g re ter f-
fectiveness of it rate n i. r i "> U 8 a g nt in t h e u -
er under strong suns inc , hi h t erature nd r pid 
e · por ti n . 
T" e for er od r tcly v e-
ct tive n n n-prod ct've, t 0 it d rece tl y eon 
int; fruits . Th 1 tter w a both ·egetative nd pr duct-
ive. 
P :I -2-2-2). .oder ~el vegetative, -oder tely 
productive, h d recen ly been producti•e. 
!LYll.J..16-16-16- 161~ Vegetative and moderately pro-
ductive . 
<>-
Two ea~ples were tken at the snme time , ... 
froo t!lio set, fter the plante d reeponded to the 
second upplication of nitrate . The one, designated LO, 
was from old g rorth; the other, L?, was from growth made 
after the second feeding . The plants were vigorouely 
vegetative and productive hen sampled . 
k VI I ( 8f 0-0-8 ) • One sample, LB, ;as taken before the 
second application of nitr te . t ~hie i e ~he plants 
were non-vegetative and non- productive . Sample LA was 
taken after the plant had responded to e eecone;. feed-
inc , includin both new na old g rowth . The plants were 
vegetative and productive . 
Plants tcre cut a ter vegeta 
ion and production had p · ct·call ce eed t o the· had 
been very consistentl ctive in both respects for n 
weeks . 
Y Young r- l n t s as ~...:t_..;i;:..;.;;.-=:.-x~p~t__..;V~I=-=-· T o e set in Ex 
v:r we ·c identic 1 a far s could be ·ud e • The had 
grown in good oil , ere vig ·ou 1 vegetative, ntl buds 
had a tai~cd good oize, tho ~one ar t. o e a pled lad yet 
bloeoo...:ied . Pre au ably t:.e were in cond ·ti on for v · g-
oro s pro uc ion as a evidence b le·r be'avior "illc1 
co ti. ued under favorable treatu nt • 
}'. . A plant grown in good soil a . 
This plant was fhol l y outside the plan of the experi ents 
but ite changes of hehavior were so ~ rked that it seemed 
rorth whlle to anRlyze a sample from it . The plant had 
been uoed in an i cidental test of the moi ture capacity 
of a sand nnd had then ~eon et in a bench of ordinar• 
greenhouse soil . I t w a. s g i v e n t bout a p e d: of /e 11- r o t -
te 1 m nure tovera.l ti eo dur i g tho r 11 ·n ,, inter . To 
all a ppearances there ae no e. ceea ccu.ul tion in the 
soil . The plant grew quite nor~ lly fo~ wOVcr 1 weeks 
in the fall, developint; le ves ate. s and ruit in con-
sistent ~·aahion . After a ti e it becu e inactive in both 
respects tho of ~l nt w o maintained. The 
bloaso s of several clusters dro pe d wit.out op eni ~· 
About Doce ber 1, the 1 nt be~an to ~ ke vcgotati e 
growt. or exc e. ti on 1 vigor . T ie s te in t. e new part 
was s large ao an'e t:u b, le voe were ery dark, 
large, ore or less cru led and clo e to gct . er on t. e 
C\'1L 
ate Flower clu tor r ed, losoo B opene r: 0 after I\ 
ano t.ier on e c cluster unt·1 \, ere wore ao n 8 25 . 
.Six or seven is a usual count) . T e e wa , ho ever , no 
pollen to be g t o~ed and only one frui et in a .alf 
dozen sue. clusters in sp · te of tte pt do ' nd poll in-
tion. An exa ination of t.e anthers un d er t. -: le o-
Sho...,ld. 
sc0pe * "apparen tl · r 1 ollen graine , ut dehiscence 
did not occur. Blosso s ere large an d flee: an there 
* The to :.:rJfJ ·a.tion 
of t e slides for ex ~i1ation . 
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r.a.s in so e tendency towards n no'y and pe alody . 
The sample vas t ken on :arch 19 ~1ile t ese cond"tions 
p r evailed . 
NITROGEi 
Ohemical data arc pre sented grap. icnlly by srou s 
of tren e. to in t e chrrt o Figures 2¥ ~o 2'. 
T e A- J eerieo,'Fig~rc 2q ) in both xpcrie n s a o s 
a cons"stent rise in itro~ n content corres ondi. ~~ 
increa ing a pl cation nit te . Iad we no ot. er d 
to. to throw l" .t o. the question, we would concluu.c t: t 
~nis represente n d"rect c u al rel t on . T ere is ev-
~dence o, the ot er hand that t ls radntlon n nitro-
gen conten t represe ts rat her t. e succession of stages 
in nitrogen ex. ustion in the pl nts . 
First , the young pl to sot ·t t bee inn in of 
the experie en s show the gh st ni~rot;en content r 
-
co de .. i s tud . (s mpl Y, • ;$90 ) 
Second , veget t"ve lant s w itr ._.on c nt nts 
ranging abD e . , 0, whet her t.~ · e g inc . is f o 
pl ·cati ns of 1 6, 256 pe~ box . See t ble 
T "rd , notes t kn " t e ti of s nlin •• o 
see A e e r ctically de d nd t.nt sets E and F 
showed uistinct ev"dcnce f nitro en hun~ r , th a repre-
senting n intermediate a e i exhauotion. 
The dat f r aeries P- K- R, Ex t II t p· f, Z~ lend 
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support to the conclu ion st tcd above . Two-gram ap-
plic tiona of nitrate .ud not been quite euffic"ent to 
bring set P -2-2-2) to full ve~et tive activity nor 
'.256~) 
oes it how nitro~en convenu/to correonond to ouch 
et1 te . S ':.s K ts-8-8-f) nd Rf 16-16-16f16) ae;ree close-
( . 3 ° 4, , an . 3 1.J. 1 ' r e p e c t i v e 1 y ) 
ly in nitrogen /tho the la~ter received t ice as .uc l 
nitrate v .1 e for.· er . I o t e e o r t at t es e t '!ere in 
nea l · e e e co.dition of ctivlty w. en e pled . 
Tne data fro set L 8-0- -8, are of es .ecial in-
terest . As has bee oint d out, sam les L and LN, 
Expt 'I, ere oth ta.~en ftcr esponse to t e ec n p-
lication of nitr e , but fro old an ner ro t. of the 
e ::::ie pl nta . S m lee LA nd LB, Ex t II, re e taken 
before n atlter t e econd feedi g, uein ateri 1 fro 
bot old nQ ne· gr wt in t .. e 1 te c ae . ... hus, co 
p ring n i tr ge content n le vea of n L '"'able 9) 
t. is anp rent t t t new lea rec.onded UC .ore 
re dil th n old . T is indicates t t t e responsi e-
nese of the tie ue to ito env·ron ent i ,to o ext nt 
t le at,infl· enced by ·ts T i is ev·de c d 1 o 
i t e be~avior of bud in d"ffer nt clusters. 0 
planto of et L hich r a o.ded to the ec nd p~lica-
tion o~ J~tr te, on cl ~ater ne r t e top of t. e old 
ro th was pa. t hel 1 ~ in fit; ?; i le t. one bove 
(,~ ) was blo to develo blosa nd ture fruit al-
t. ou~1 its flor 1 pri ordi h d been 1 id down befo e 
t.c feeding. 
T T- I 0 D O.i I T T 19 
p e on green weight 
• 
CH et • • CH CH/ 
y Youn pl• 
' 
) .390 3.66 9.38 RVII • 06 1.72 8.3 
. :s7 2.3 6. 2 .l .7 13.97 
• 72 i.20 3 . I .192 2.37 12.34 
LAVI I .3 .92 2 .~7 II .l 1. 2 7.63 
RVII . 3 l 1.30 3 .81 .l 1.6 12.50 
JVI 2 • 1.8 5 . lfVl • 3. 12.19 
XVII 8- - - 8 . 3 • • .1 3 .60 25.28 
JVII 25 • 2 ... 4.50 .142 . 30 23.2 
KVI • 1.3 4.27 rI • • 8 3 • 
PVII 2-2-2-2 II .122 2.6. 31. 
.2 9 
Vl l . 23 .9? .33 
1.9 a.7 I • 02 a.21 so. 
.1 • 7. II • 00 • 0 2 .oo 
.1 2 5 7 II 10 • 3 
.1 l • 8 0 
0 • II • 
g 
20 
•• ST 
CH 
VI l .232 
VI a.21 .102 80.49 
.l I .1 8 • • 
I • 2 95.69 
y Yo 1 (a) • . 3 0 9. VI 
• 8 .oaa 'I .50 
AVII 3 .6 . 1 2 2 • 5 
6. 3 .11 54. 5 
VI .1 
lZ. 7 • 8 • 28 3?.34 
.378 . 32 J .l 2 2 .28 
I 
-
1. . 2 2 s.7 .144 Z...19 
Old. ',..,.~ 
I -..... l. • '1. 
0 VI • 2 23.~ 
1 I l. • :5:54 • 
.1 6 13 .93 
I • • • 0 
.122 31.64 
• 
• 20 • 0 • .1 0 2 .oo 
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·" • 
7. 2 . 7 .1 2 12.34 
l .... .15 .10 
I • 6 41 . 3 
i 
• 
. 27 II 0 8 2 3 • 
VII • 1 • l 
l .20 . 3 
• 3 l • 0 
18 63 
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t 0 lo r tro n co nt t n l bu 
t rel t ons old in th in . T 0 ... e 8 in 
t old row th of L, x t • I, ho or r 
ere of n r n t n t e corr e on in l 
s T bl , 9 . 
In bl 9 tr t nt- r rr n d t 
ord r of n ·o co t n 'th no to • ... -
0 n fr tfuln T co po r n t 
w r c ... to c rbohydr t i 
' 
1 20 
"' bl t .. t r fuln it 
c rbo r tr n 
r n 0 "' ~ r c nt of 1 0 r 
.,, to .,,90 , r t t 
con iti t ur 
f r 1 r 
l t nd n 
we 0 ( r 
co c f t 
b t c c 0 r 
c 
b c n r 
-
i 1 cl 1 . ; c 
n pr c y . p 
. 256 r l 0 . c u f 0 - r 
in r t n "' k. 
'I b n b . y c n i 
l n"' t t t b nn g of x er i e t T e· 
41 
were just re dy to blo') and t: ey went on wit' the pro-
ces of fruit- m king whet.er eet i soil na manure , or 
in ean culture accord.:.ng A t. e conditions rovided 
would aJlow . Proou.1ably th lnte ·n 1 con itio1 s " t.1ee e 
plants were favorable for fruit~ulness . Pl nt X 
w oll outs.de t' e ex ori ents and s sub· ct to a 
uncontrol G~ conditions . Its unfru.:tful te at t · ti e 
of • "mplin was pos i'l· due to o e f the facto e -~,lch 
a e at e p s t co oe 11 
grecnh~ueee in t.e wi ter unprof·t bl n:oot c se e,.-
a ituatio ich o~fer a ~~ t all urin 0 f.i.el or t. e 
a p r.actic 1 r ble b t:.e .ct .. odc o u da-
ental re e rch . 
T e be:1avlot of t e pl nts de· he .L t e 
... 
" " 
provided ~· ioos ... e double questio to ow 0 
" 
on t.1 e one ha1d n urplus on t .• e ot .... of ni r t 
applietl t t .. e oil s e ect· 0 1 .i. 
... . 
-.in"' t.e ·owt. 
n r· .i.tfulnes of 1 nt · .... " e 
:1en t e o · 1 suppl; of nit 0 0 c. a· .:1 bl for t. e 
lnnt beco eo ex. u e , l e ve bcco e ~ ellow and an e 
an 1 t.e d·o off be ~in i t o bot o • "' .e t 
spindles ou a co eo 0 row i , 'u 11,; co in 
o t e to c leoe succul nt nd of l · t c lor. Devel-
o.~ent of budo , bloeso~i g, an d eetti L of fru·t ce e, 
altho , unlese tarving i very evere , fruit lrea y et 
co• es to aturi t • These do not , howe er , make 
2 
0 l er i iz . n c t bl 
t nit o c nt o ch 1 n i low· 
e 0 
,,. 
.. i t f u c 0 tr 
c 0 t l n r ly 1 
c ti r t r u t 
ci 11 i rt t n c 0 0 
i ... ro 8 l 0 1 c t l r 1 
. ort n ro t 
f ... rk r n r 1 pl col .... 
l r ci c 
cl r t i 8 ... L ) 1 
t i i r c 1 ... .. r 
n c r l 
0 t 
~ 
.. 
f · n 
( ) c l r 
i co c l t t t 
t t u ici r c 
t r r 
l f 1 
d 0 r l r c 1 . -
11 rol t r i c r 
h r i in c d t t n 
r con ti"'"u of l 
t nitr n c tit r r r r i n r e 
4; 
molecule of protein ~han of chloro p y ll· ~oreover growth 
can~ t take place : ithout ~- e a ctual ayn~hesis of protein 
cont ining bodies while c iloro hyll can tak e part in phot-
osynt esis after the r nufacture of new chloro • 11 has 
ceased . The plant usually h s available cc·tain reaerves 
of co..rbonaceouo materials as · ·ell . 
In · newer oo the second p rt of the queation, as to 
t h e TH1.y in rhich a sur lus of nitrates a pplied to t11e soil 
is effective in hinderin e~-e pr oG resa of the pant, it 
ay be pointed out th t the very g radual fall of the 
curves from the ~aximu- woul no sug gest a very ctive 
role for nitrate of soda 8 poieonous g ent under the 
conditions of these exp riments . esults o che ic 1 
nalyses did not in any case aho a nitro en c ntent 
higher 
above , 39 , gr en weigh t basis . The/ a ounts re found 
in healthy and ctively gro in g plants(wnet.1er they a e 
received oderate or he vy feedi gt ru ~ne oil. 
Several observation point to the prob bilit th t 
nitrat of soda in he y mounts c eeks er wt. t ru its 
eff'ect a n o smotic a ent, not a n ctive pl nt pois-
on--- s n environment 1 f ct r reducing t e vail bil-
ity of the soil :n.oisture rather th n t . ru its i .. ernal 
effect in 1 nt metabolism . 
1. Experiment I , in which the effect of the hig. 
treatments w s much more cons icuou th n in Ex e.iment 
VII, wao conducted in the u crer under hi- h teo perature 
44 
abundant sunlig. t and r pid evapo tion. he other { fl 
carridd on in t h e f 1 with lower temp e ~ ture , much 
cloudiness and hi g her humidity. 
2 . 
;a... 
Com ercil growers of tom toes ~ne ell aw re 
,., 
that the disease kno\n as blossom-end rot is often as-
sociated with a lack of sufficient& ailablc oil moisture , 
an observation th a t is supported ex erimentally by 
Brooks (P) . Thia di case as 1ell as a ctua l : iltin g waa 
prevalent under the hi-h treatmento 1n both exp eri e nte 
but in. uc lees degree in t e fall. The rot waa c h e cked 
when the moisture content o f he boxes w s raised n d v 
the concentration of tde oil oolution corresp ondin g ly 
lowered . 
, . The c lcul ted concent~ ion om t e oil ol-
ution under vhe eavier treat onts e higl er n t at 
necessary to pl smolyze t e plant tissues , e indica.ted 
by evidence b sed on several id -e· cri ents described 
in the follo~ ing ragrap hs , nd pl nned vO t.ro li t 
on i question . 
It was atter of some ur rise t h t t.e e v p-
plicationa of itr te o' d a ountinr; to muc h 
nine tons per acre ere not or r - e ly :njuri us. 
This as especi lly strikin en the 1 nts of J VII 
(256) shored 1 ost n deleteri us effects durin g t1e 
first several weeks of the experiment . Acco r din g l y a 
set of boxe similar in all conditions to t e oth ers 
ua u a n , 25.6 
Corrcnpontlr ~o E7 
it l' 
!I, 
ottaw 
FIG 7 
n 2 . 6 '"' 
Effect of : · E 
nitr te of $Od in 
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te • J x 2 
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t J, 
l c d n 
t ene boxe ape d'l il d nd ied . T w r pl c d 
b a con l t notic bl r d 
a.de 0 d l'O 
ich 
T 1 to de r in fi d 
OU if po 'bl W t i t k 0 .ill 
xper..;.m t w 80" u nin t 
t. e s c cone ntr t'o of nutri nt 
VI nC. VII, bu .. lo ng llo croc ~ 
uch a boxe • P ur i 7 
pl n t of ·e t nt corr o 
J 56) of t n ri nt 
0 t 
to 
t to . 
8 nd n 
in p r n 
ol n I o 
eff c ... u o t 
t H 8) n 
r r d n 
e · n f t l effect of t ent hie i box rov 
fr lightly to der t l · j io t • 
pioion t t eo e f ctor c nn ct f t 
cont nv lv d . T r" T 
b E r nt C, du lie t of A, nd y xp ri nt 
D n hich t llon croc r u d . In t 1 
J t t nt kill r t n t 11 o t pl n a , 
le . o nd r t c t n H wurvi d . c., 
of .e tre t ent int T t " 
r 
E. p r c t n C n t o e ob d t. 
ex. ts. 
In E. er ent pl n a w r l c i t r o t 
n quart r con• inin t r olu .. io of n of 
a d of .5 and 5 4 cone n r t'on . he l ... te: killed 
c 
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t 0 p 1 nta outrie;ht nd peedily . T or r r ault d 
in aeri u ··1 ti e; n p r n ur tho r r 
0 c evid nc of ti 1 r cover . s F ur 2a. 
Ref r nee to bl 0 l!I t tr t nt H 2 ) 
occ 0 cd c lcul t d c nc ntr t on of n tr t 0 0 a 
i t.e soil elution of 2 . i xpt nd 1. 56 
, 
n 
-:.·pt II , lo t corr apond"n f' uro for tr t nt 
J 256) re ' . ,75, nd ,. 
' 
u on of t co -
c on r tiona i r t n t t 0 t ~rroH olutio. 
n Ex eri w 1 t. r r r t t of th 
weak' t'· T cone r n r pr t co t 0 
of t oil 0 lutio t ... t :r t ri r 
co ... .. nt f t 0 1 UC b r r -
ng . r u 0 r 
u r ould cc tu t i itio . 0 t 
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Th f ct t r ot ci n 0 c-
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20, shows hie;. content in t'ie leave of sets t a.t .. ve 
practically ce&.ee to r w, A VI tld, :: (0) and E VI 
(16, . I (8-0-0- , before econd f di L) 
fro t1oroly starved lants, is a rked c:r.cc t" n • 
Barrin ~ these in ctive sets, tne·e ia litt nrent 
r 1 tion betreen c rbo~ydrate content and t.e state of 
th : 1 ,nt t t:1e ti e of no. lin..., as r ec;.ards Ve[etat · n 
and r~u:t akine · 
You ~ lant as set t ~ b ...,i ni of wl exp er-
r.ien t thorol active in veeot tion nd beeinnir.g to 
bloom , sho carbohy r te content o hieh s II 0) 
Qnd much hieher t .an LB (see o \ e ) • Sa 1 e L , t 1 en 
fro the same set fter its econ 1 pplication of nit-
rate , when t e .1 nts ere 
the lowest content o 11 . 
· gorou 1 veget ti e, shows 
e et ti e nd non-veg• t -
tive plants re scnttere . .:L lmoot ro iscuou 1 be t eem. 
As . rec, rd fruitftln s' L I (ne grow h ft r 
sec n feedi. 0 ) nd LI. :I( ditto ) r strictl c p r -
able . Both ere kine; los 0 e nd fr it, but ten f 
t'1e seventeen sa. ples f 11 bet cen the in c rboh 'r te 
content . S ple Y nd A II s.o the e rel tion 
with r spect to fruitfulnes s eget tion . 
Thus sf r s tie cop rative figures e concerned , 
there i s l i ttle correlation betwe n c rbohydr tee present 
in the leaves nd the beh vior of the pl nt s reg rd , e 
e ither vegetati n or fruit - a.kine . 
Barr~n~ s amp l es X and Y, which are out ide the con-
ditiona or t~e experimente, there are no redic 1 dovint-
ions from the r l~tione exioting in the le vee . It it:s 
notice ble in t ie t ble t . t 8 m1 lea fro ·,xperi ent I 
stand ow in the ist . T e same t~ine is lase n rkedly 
true for the leaves . If this is re 1 carrel tion lt 
ay be due to the leas f"vor le conditions for photo-
s nthesia prevailin.g in the f 11 ont'1s, wit corres-
pondingl o er eurplue f c rboh•dr·te for torege . 
See be low) 
A 1 ck of corral tion bet een carbohydr to content 
nd Al nt er or nnce w u d n t be ur rising int e 
l ieht of ur kn wledge f this ~ro up of ub t ce dd 
their role in 1 nt • 
he carboh r tee c nstitute n of t d in nt 
ateri ls in he 1'!. in..., a 1 nt . n th r 
fir ... ctivitiee 0 
... e see in in ite rch 
" 
"' 
r 
elf-s pportine; xi et nee i ettinz Q 
1 c · ng 
in o. er ti on 0.1. iner · r the c 
Fro t is 0 ent n rd, t e nt nt 0 the t 
i the result nt f he po ing roe n r ctur 
"n u e . E c the do end u on n r i [. c n-
a.itiona. T e te~i 1 are u ed in re pir tion h'ch 
con u e the i t to, in bui ine cell l 9) ic r -
u bl re ovee the fr c pe 0 t eth d of n-
lysis e lo r in t i t n in t e 'ing 0 ro-
teins , ~ u o i es , n' th r 1 t teri le ic 
or ny ot e ydro yze u1der the conditions describe~ 
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on provi UB ge . ch of the e rocea ee of u e "./ 
vary more or 1 e fl indep ndently .0 tho others . ~ 
Obviously an v i bl uppl r c rb r te is e -
eenti"l for pl nt growth nd. fruit m king. f the r te 
of c rbo 1ydr.,te nuf cturo exceeds the r te 0 e, nC. 
there is present n aunt s f'ficient t keep th chi -
cry t;oing , the i edi te requirement ~ r full c ti ity J. 
of the 1 nt ece to h VC boon ot. Pl nt in "et L I: 
( 8- - o-e) fter the ec nd fe ding ( le LA -T) 
--
ho 
content of . 9 reen wei ht in the le ve which ae o t 
fulfil this condition . 0 uch lower a erce t e would 
be auffici nt ill h ve t be determine by uture stud • 
It re ins to inq1ire wh th r 
content ie unf vor bl or lnnt ctivity . onclu iv 
evi ence is n t t but cert n tron in icationa 
in the ne 0 tivc y b dduced . A in ic t d b 
concentr ti n f , .6 reon wei ht i n t uff nt to 
pre ent their g ing t nc int roducti n fr it o 
~ tter which f th ex nt tr t t r 
ceive • n en 1 n 
ture fruit to th p i t f xh u t: th nt I 
resources . or ex ect c rbohydrat tori 1 
in it ordin y forms to b eleterio in iww o it 
univers 1 resence rl. d its h" h c nc nt r tio in cert in 
p rt 
rt 1f uld see re rob ble th t the hi e c tent 
of c rb o hy r tee fou in so e of the 1 nte that h Ve 
,, 
c eo. ed ctivity ehou l d re re ent et r d xc e cc ul t-
ed fter t'ruit ki nd v t ti n h v c ee thru 
1 ac!< of ni tro n b t be or hot yn h 1 1 who ly t 
n nd . ... c to e r ly conapic e in 
t e te e, · nt w c een e tra d b r 
r ybil ( 9 ) . 
••uch be 0 t 0 th r -
ti on bot nd c rbo r cont nt a ct-
o r n nt 1 . 
e 
0 t• t r h r y r ~n n 
wit th c i n which t r in th 
our nt 1 x l 1 
... v ri t'one hi ch t y h r -.. 
ler it t b" ct i f y i 
r 
,, h nc b n l d-
in i x ri n h 
obl of ... .. r h " x r n 
nd ... b h vi r t i uc-.. 
ti n. i r 1f r c nc r wit 
" 
i-- l. t h r 0 
t e & e r ble 11 d t th h r e n 
found th ... th 1 rinci .. h f r th lo -
rin l ff' eta r le dir ctl r chioved 
in the l tter . i rk t 0, i led in ill-
kurliche nt ick 1 n nder n en b i Pfl nze ( 0)' 
5 
nd is resented ith full coneidor tion for the bro d 
biolo ic si nificance f the proble s . 
leb e r ly rec nized three rou a f t ctors ae 
vernin t he behavi r ?• nl nte: the in. erit nee of the 
org nis , external conditi ne, and intern c ndition 
n E ch eve lo ent f f r is the n ceeeary result f 
the work i g to ether of the ote ti ities of the pee-
if·c structure with th interna co ditiona whic h r 
th elves depe dont upo the ch:t r 1 condit:o n • 
I 1 • C 0 p.6,) . x eri nt wer d scri bed n h.ich v r-
.:ous of t possibl f r of v get tiv .d r r duct-
i e ctiv·t:r ere in . UC d b ific t on of e t rn 1 
con iti ns. :1 b poi t out c icv nts in his 
field r li it d b ur fr c; t r of pl n• 
b·t d r quir nt . h t int i • 1. c ti 
i no cea r f r .. 
" 
tud n to 0 • i t 
" 
11 
0 g to e h' to in cc n c er b rt of' 
t. for - odiflc tio f hie t c p bl . 
"' 0 r 1 tio ex r :s d bo r fur r d lo d 
i " p er ic r 9 1 ) • t 
qu tit t .. inc r i t c en tr on of rg ic 
teri it 11 it ch i 1 n c c c 
pl a e sen., l rol in t iti fr t ti c 
gro th to reproduc tio . 11 0 t r 1 con c n, 
cc rdi g to their int n it ccordine to t e . . united , 
effect , "cc o~·d i er 
... 
to t e ooci ic n t re of t e pl nt, 
l. J 
influence the for tion of flo e no for rding, no 
retarding the roceaa in th t the bri g about t' e in-
ternal co1ditions ch r cteriatic for these relations . " 
( , 1 p 55-') 
The nature of the changes in plnnt develop e t in 
duced b t e modific tion of extern 1 conditions is 
further diacucsed · Klebs 1 p per of 910 (12). Recent-
ly he hna diff"eronti ted t'1ree steps in . e proces of 
flower- for ation . (1}) 0 n i ering the riou f ct-
ors which 11ke up t.e e viron ent oft .. pl nt, on 
tnem te perature, lie' t, t ·ic m i t re n c rbon-
di xid content, nuti·ient , c· 'it 
11 
C • f\IJ I 0 tic 
pre a re , he conclud t t lig t ~ ao in t .i. -
portance in 1 t:re t ges , pri · i l tl u it on r-
g v lue in c rbon i il ti'>n . 
Fi et rs , tude t f .:1 ob I well u . r z h. 
or .c ( 14 PS~"\ ) The ide nderl n 11 of leb I 
r is .. t every pecie h u -tot 1 of o't ... 
ities co sti 'tin ~ .. e p c ic t lro of th ... .. 
b t t nt tho c ie ic d c co di ti n il-
i t ~ <.:> e t• e it i th or i det hich 
of t. e rtic 1 r for t t t e ecie i c of 
produci g a 11 pear; an t t t e e i er co1 ·t·on 
be controlled t n extent t 1 J r ..,ul tin 
the exter nl O. 'itio D 
:lebs i : is ·ceed·nel t' oro stud·e , h t: ro 
uch ligh'w on th two end of t e c! in 04 c us tion 
1hic:1 tretc' fro extern"l nt to obDer ·e 
plant er~or cc . .ile he i dec.l• co cioue of the 
ere t sisni ic nee o the i tern 1 cond'tionw w1ich oc-
cup• n inter edit ition i th;.. c in, nd while 
he h a offered man ·11u in tin· e geetionu , heh re-
sented little of ctunl at s owinc their n tur nd 
rel tionahip . ...n io per of 1 ? 1 , ' 1 ; ) , '1 e co c l u de 
t t the car o dr te content o the pl t i the predo 
in nt inter · 1 f cto in deter ini g the ct'vit of the 
pl nt in 'e directio of eaet t'on or reproduction . 
Os r Loe ( 5 ) in <le line ith t e ener 1 pro .e: 
of t.c i tor nl f ctors conditio pl t b vi r, cl s 
S c1e 16) to th ef ect th t flower ine de n on 
t c resence of cert i 
duces nd hie b.in bo 
t ri 1 w ich t pl nt ro-
.... 
.. l i down of lo r 
b do by ort of ti lu -ef~ect. He concluded t t 
t1io nteri l s produce t e 1 v un r t in-
fluence 0" li ht . 
Loew :n do n ly of the th flo rint; 
l 
cherries f . p d OU d ntent of 0 rt i 
teri 1 er t ' 4 or i cc .. t-
...,es , r b is : r t n 7 . 6/0, t ,o . 5 , 
cnrbo dr t s f star e'.) 46 .,,, .) . 0 cites tri l r. ic .• 
itrogen eedinu inf lu 1 ccd pl nt beh vior but no 1-
ses re give • He c~nclude t' t flo or o.rin tl pe ds 
upon .... vnc c ncentr ti f ue r in t. e .. 1 t r t. er the. 
.5 .5 
upon some s eci l subotance . 
Lo ew 1 o wo c cite~ bove cul l ed forth p per b 
( 17) 
Hugo Fisc1~r/who, ~it.out d ta , sueeeoted 11 th t ~ ourplus 
of reapirntion ateri 1 nd so b 1 nee of carbo.ydrnt 
over nitro0en-c ontaini ~ subot ce t given o ent i 
t 1e thine t: t acto a sti ulus for flo er- kinL" ' 
He au-geets t e v lue o "nal sea an the need for 
t~ ro experime ta! stud o the probl 
T: e ea e author in a ;nrti ..... e prper of : le'. only 
the abstract io v· ilo.bl ( 11'), co. elude t. t 11 • e co:i.-
dition _or 'ripeness to flower 1 io cert e ceoa of' 
c rbo: dr tc i t e 1 nt 1 3 b l nee of~· tori 1 1 ::c 
give s t',e concept "f t'1e c rbon- itrog r tio c/:) 
w1e he e.xpres es t .. e e i 'c t .us 1. : e r . 1-
ue of c/: t.ru i ere e of cnrbon r rd cti n of n'tro-
._.e. 
~~ 
n ~ro th n ~ 1 "! I =;::· 0 rin"' . 2 . Re uc d 
e/. t: ru reduct i on o" c r 0 or i1..ion of itro e V-
or :J er wt n' hin ers lo r in n . 
:r n ' 9) h v e r-re c i 
stud' of the pr ble of v 0 Ct tio nd pr ucti in 
t e to "to , usi che ic 1 n l i to thro li t upo 
t' e int rnal condit"ona ·ch corre ond to cert n e .. -
peri~ental tre t ont on t: e one h d n ~o t e o oc 
beh vi or I' t '1e pl r. ts on the tn r. 
r. t'1e intr ductio1 to t: c"r paper, e f'in t:e fol-
lo ring : 
"Four ge eral c n itiono f tie rel tion of nitrates 
, 
.,.. 
cnrbohyd:r tea , oisture within t e plant itself ant 
the responees apparently correl ted t r iti, "ill be 
discussed ~ These r J 
1) Tho there be present~ abuntl nee of oisture 
n ineral nutrie1ts, inclu ing ·tr te , et without an 
available carbohydrate uppl 1 veuet tio i re !:ened nd 
t~e plants are non-fruit~ul . 
(2) An abund ce of _oistur n in er 1 . utr i-
ent .. , especinlly nitrate s, coupled il bl o c r -
ohJdratc supply, ~ kes for increa ed ve~et tion, b rren-
nes ~, nd sterilit • 
(') A re] tive decrease o itr tee in ro o.tlon 
to the car oh dr tee f r "n CCU u tion the 
1 tter; n r ruit ulne f rti .... 1. ... n le .. -
e vegot tior . • 
A furt1cr educt·on f r.itr t i bout i hi 
itine n po i. e i .c re e c )0 r te , ke f r 
.... u. pres3ion e et t·on d ruitfu n n • 
T es e cat gories a be re. ree t u · di er 1 t 
not qu ntit t ve f 11 we: 
c rbo-
hy rates •• •• .. • • 
. ~itrates •&••• •••••••• 
·on-veg eg 
ron-f ·r on-fr 
• ••• 
•••• 
eu 
r 
' 4 
•• • •••• 
• •• 
: o - ·e.., 
: on-f' r 
The uth rs do ot expres t air c t clusione i 
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termo of a hem tic 1 re.ti o carbon to nitr~gen , 
tho oroc~er (19) ~( others cite belo have inter-
preted the • 
A on c; the c n c 1 us ion of Y. r u a n :: r bi 1 J 
be quoted the fo o ing : 
"Fruitfulnes is s oci t neither wit t 
nitr tes nor li[; eat c r te , 'but 
. ~ . 
.i. ... n con ition 
'f 
of b· 1 nee et een t e ~ (? 5) 
,,.. 
11T'1e va.il ble c r bo ri.vr ~ r 1l. t e 8 r 0 0 
t 1eir nufacture or "U pl c notitute n 
li iti .D ct in -r J. wth t e v il ble 
oi tu re OU pl . hen th rtun·tv f.'o. 
ma uf ctur i i t'1e nt itce ere 
or eli inc.ted , e·en ... "· the 0 i r 1 tiv 
of 0 tu re n v i 1 n·tr e n, eget 
ere i:;ed . But hen ... c.:e e c rb hy r t ... 
ithin the ti uee nG. r t: e c n 
.... 
" 
e;en n ict· ~·e pl t i ctive. 
ro ... ortion 1 reoerv oh to 
nltr .. BU .P .. 1 0 n d 
Gur~ r ' in the in rn 
i i .. y r 
uch of 
nitro..,en ntl 
c oh ... r te 
tly r due 
bund nc 
ti n i e-
re rv 
n itro-
er 1 r 
tu.e 
tio 
.. he rit 
" per ubliohe i b 
..... ct 2 cone u e ... I 1 
J. 
~ r s 
.. of' n lyce ... t t 0 it . of 
" 
... 
p 
the ( to .. o) "') <>nt st 11 i in ... ' CI•• " e 
ratio"; .. 
" 
t "repr o ucti n 'J to t nt e on 
on t. e roper b 1 nee "" nitr n ~ nutrie 
... 
.. 
... " 
e ... 
r ' 
? 
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r tle 11 /:. r tio r ve et tive n<l repro uct-
ive nl,,nt 
o, 21), ztuu in.._. nltroi::;en t rnce in r.., n t 1u s 
:inde th t: "The fluctu tion the carbohy r tee is in 
the revcr e order f t' e nit:-o...; n co poun .1.hi J. -
verse r tio is not truly the tic 1 c n t nt , ut, 
in eencral , :he the c rbo'.y r tee re hig , ie nitro-
gen co poundo re 1 w." he c nc u i re ba e 
a co p ria n n l~ se 0 th re le co lected fro 
the s .. e s ot in v c nt ot on three ·r ront ' te 
The nuthor noted 1 o th t hi h nit· e c ntent ·n the 
soil i<l not ring 0 ... pro ort· 1 y h' ni tr te ... 
conte1t in th -re en p t r c n h t q;. 
upply or 'I il i.) i , i n fO!'C th U"t ,.. 
of r r d lC ti 1i a e .... t c nc u lo of .. 
thi p per but t 1' i 1 th e r n r v , wl) 
" 
"Pl nt r n with an b n ... 
" 
y of i bl 
nitrogen d th 0 portunity 0 c ... ynth i .. 
r vig rouo 1 · t i e n un ru iv· " UC c 
ari one re h e r d bt.fu i ht ork 
W:tt. Q. 1 nt wi e erent t n . c 11 fr t o-
to n th onl eg t .... ... l. n on-fr it l l nt f' 
·r us nd •r ·bill were gr n ithcr in ·a.nur r oi 
nd nnure her nu b r f I> ct r r tt f c ntro ... 
nd the inhibiti r f'ruiti i I ncei" b y be ue 
to f ct ors ot r tha!'l t i .... .. r -en 
.P 
FIGURE 29. OQNTENT OF CARBOHYDRATES AND NITROGEN. Treatment sets 
in descending orde~ o! carbohydrate content , spacing them 
en content in each is then plotted. 
e arranged 
venly. Nitro-
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Discussi n . 
~--X-co • ri n ... 
" 
· tr o £: 11 A. n c r' .1y r t t 
of this stua doeA not reve 1 rise in the rmer cor 
respondin;:- to f 11 in th 1 tter, no wa f und by 
5? 
Kr us and 1 r ybill nd G rjnr . smoothin £ of t e curve 
for nitroc;e in fir;ure 'af wou l c ive n al t h rizontal 
1 ine . 
hen two f ctor l y .. co ex and nri s rta 
in nl nt et bo i 13 d nitrogen nd c rb hydrateo, e ch 
being present in ore th n on f r n d e ch bei r. a 
signed a multi e r 1 , it is hardl to b expect d th 
their relation to e c t er y be xpre ed y si 
le ma the tic r tio. Thi 0 i ly that the two 
re inter-de end nt v ri le d t 't .. t h r thew .. 
c n titute f c r which con . t. n h c ivitt 0 t 
pl nt..,.- in thi c e in ve- t ti n r r l ct i n . 
This cone pt ... nf' with th .. 
concept 0 ... ct re. L u .. 
nt .. t 11 ... c r " r t ct· it r ... ... 
i .p r e t nitr n n rb h ... 
L ... itr ,. n b il le in n uffici nt r-
" 
l' it hl lf the r wth hi ch th 1 t c bl ... 1. .. 
car ohydrat b n t, th r will be n e . 0 t 
c rbohydr tee bee e il le in CC eft increA ts . 
e Ill y expect the 1 nt to r s ond in r rti n these 
inc re ent 1 n t in r ion t t e r ti 0 H/ 1 until 
point i re ched uch th ... the nitr t:en v il ble 
" 
c n 
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be fully utilized. F rther n re~ent~ o c rbohydrnte 
will continue to chan th r tio but will not be of 
svrvice to the ~l nt and its growth ill not re p nd 
further. sauming now th t carbohydrate has become a-
v ilable u to the full need of the ant, incrementn f 
nitroben will be ef ective in ro ortion to their a-
moun t until then nth a ~ttained its ximum ossibil-
ity. Thus in eneral, pl nt p.fr~orm nee is t be related 
not to the ratio between t• os ibl limitin fact r b~t 
to the available aount of the single factor th&t is in 
inilo at that moment. 
This line of re• ning doe n t reclud h n 8-
ibility of two interde endent conditions t eeth r con-
stitutin~ li itin f ctor 
or doe it reclude t 
possibility :rnge;e te by ·· a.u ybill t t c ng 
~ro one rel tiona1ip f vee;et ion d fruitful to 
anot. er y be 
o oci ted it c h c rbo-
hydr te n i tro g n r 1 ti on ip. OU of n in l 
nt of p r r f ct or n ces ry 'for t :full 
!'unction doubtles v ri ely f r ff t ri 1 
or di ff r nt for if ere .. u en of t \ 1.eri l ., 
1 t specie • 
lread exioti e r ~ d fro nitroe n re e t a uf-
ficient for the anuf cture of co si er ble qu tit• 
of carbohydrates . This eine unused thru 1 ck of n"trog~ , 
was stored and npeared in 8i ~h concentration on a 1 sis 
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of t' e pl nt ti sue . 
A 8 11 ount l t. t , in t n . I ) 
v I 
n r;( ?-2-2 ')), w tJ :suf ic ient for li it d ro th •. d 
fruitinz . Pl nt ro p on l w re ub' ct " 4J1 1 -
Bi8 . n 0 t nitrog n 11 r t oc 
1'i th ·igorou eet tiv ro ... it u 
" 
co centr tio of c rboh 'r to . !t i ntir l iblc 
th t t e . it ·o n cont lt d b bo • ' 4 t 
t t e t• of l i d ll i t b o. 
a BU c r ol b n 8 r t "I 
uch n .. her n t b op ort it,, 0 
1 . ..,e cc ul ti n • 
rly in t -. w • 
d r i .. . I . - ), ... .... 
" !! 
d R/( 16-16 6-16), ic ti 0 t occ 
nitro c nt t in t l n" uf ici nt r 
t o.ti e ct iv t fruit ta r 8 ll 
ct· t th ti pl ·n t n 
.. ~, ici. fr th co 0 l c 0 
hie 'O ic ti on r itr t ic 0 r t 
v i r s-r tf l. .. h. 1 t r 
e ce ti is d . r t c n i 
v ried te i 11 cc or i b l nc b t nu-
f cture 11 u th 8 pr c e , i c 
f 5 f" · c ient ·tr ul ' b n nt u 
or th·t ere not c ntro l d nd n 'hich b t·or. 
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were not t ken . A one them a y be m ntioned light, to 
qu lity nd intonsity, re cti n ( /drosen-i n nd titr -
ble cidit ), enz ction, nd th r T" recent stu 
ieo o • rner nd 11 rd , 2 . ) ul 
entioned '10. v e been po'... nt f' 
· rel t; e cl e of ... xperi cnt II. 
si il . 1 exp od , the in luence of 
intensity of light a,, conceiv bl,,' 
uiffere t ex eri e t· 1 tr .. e t ... 
Tl c • 1 .t u ici.er e rl; ode t 
( 16) nd F :P) . 0 CY.Coll nt 
of n 1 rsis , d re tl. co. u 
OU e 
ct.or, 
' i le 
--r-'7 CJ f 
• A"· e 
._J v 11 
11 boxe 
uive lit 
ve . rl u de· 
tre t .t 
for 
er wt I ut 
of t 
to-
ere 
th 
r~ 
... 
il-
ble n d h d d cl in tori 1 n cti·it . 
The ·troce c tent th nts w corr n 
lo I n rl d 
.. ' c r bo d .. 
t' i he t ec rded , hil I i n e r i r 
t e ec1·n13 d c rb r 
r o reosc Ve r :n t' e li • ... 
ro.., c nt .. L . . 
pooe t t c i t n n· 1 c 
b V,e - , t re in t ri . ,,~ e e ,, t r ct· it., • 
. 11 f c ·~e " clc r t e u 
ir i it o. 
n11l se t) cce ive ple fro .. n p nts 
t 1 p s, c n .. olle c iti . , r 0 o .. e t e 
of ctivity jo not er . 
TABLE !2 
ba is . Tre 
L VI - 0- 0- 8 VP 378 12.72 l . 83 .19 l0 . 33 l. 30 
rth 
t i n v •• 72 10 . 03 2 . 0 4 KVII • l.0 . 36 1.39 
exp ta 
VII - 0- 0- 8 
2 Il v }' • 8 . 37 l . 7-1 I 18 l . 41 
V!I l6l 1616 v .a 9 . 13 l . 9 . 15 1 . 10 
J I 256 . 3 13 . 59 2 . 56 . 1 4 l.22 
VII - 8 - - 8 v. . 32 2 . l VI .1 • 5 l . 7 
VI 256 v . 3~0 10. 5 2 . 17 . l 2 . 1 . 23 l . 07 
- 8 - 8 - 8 . 31 12. 22 2 . :c:l .1 • l . l.7 
I 2- - 2- 2 .20 10 . 2 . 8 I • 22 l . 31 
RP 
I 16 . 232 2? . 17 . l.6 I . 114 16. ?l. l . 40 
L l .22 14 . 49 . 15 • 02 1.20 
I • 2 . rn 2 . 40 P I I • C'O .35 
. 1 0 12. 92 2 . 96 II .o .72 l.63 
L VII • 56 10 • 2 2 I .o a 
A rI . 1 00 6. 0 VII • 2 ?.o9 .aa 
5 . 13 13.9 
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but rapidly 
( ) count or high con-
nitl" te i n soil . 
$ 
A ex~ n tion of the (: i h nd s 
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